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Twenty-Second  Edition,  April  1,  1921 


THE  first  edition    of    Carnegie  Pocket  Companion  appeared  in 
1872  and  was  issued  by  Carnegie,  Kloman  &  Company,  Pro- 
prietors, Union  Iron  Mills,  Pittsburgh,  Pa. 

Immediately  on  its  appearance  this  book  became  indispensable 
to  users  of  structural  iron.  More  than  any  other  single  publication 
this  book  and  its  successive  editions  have  served  to  advance  the 
interests  of  standardization  in  structural  practice.  Since  July,  1896, 
about  275,500  copies  have  gone  into  the  hands  of  engineers,  architects 
and  builders. 

So  far  as  practicable  each  successive  edition  has  been  placed 
abreast  of  the  most  approved  methods  in  structural  design.  Each 
successive  edition,  therefore,  records  the  stages  of  development  in 
the  manufactiu-e  of  structural  steel  and  its  fabrication  into  bridges, 
buildings,  cars  and  ships. 

In  this,  the  twenty-second  edition,  the  weights  of  beams  and 
channels  have  been  adjusted  to  conform  to  the  action  taken  by  the 
Association  of  American  Steel  Manufacturers  eflfective  as  of  Septem- 
ber 1,  1920,  by  virtue  of  which  fillets  and  roundings  are  included  in 
the  computation  of  weights.  The  dimensions  and  properties  of 
sections  of  intermediate  and  maximum  thicknesses  have  also  been 
recomputed.  The  safe  load  tables  have  not  yet  been  exactly  adjusted 
to  the  new  properties  but  are  sufficiently  exact  for  all  practical  uses. 

Changes  have  also  been  made  in  the  section  numbers  of 
standard  beams  and  particularly  in  the  section  numbers  of  angles. 
Purchasers  are,  therefore,  requested  to  be  sure  to  show  the  new 
section  numbers  on  all  orders. 

The  sections  illustrated  in  the  profiles  and  tables  are  those 
deemed  most  suitable  for  use  in  bridge,  building,  car  and  ship  con- 
struction. A  complete  list  of  all  the  sections  rolled  by  Carnegie 
Steel  Company,  together  with  tables  of  weights  and  other  data  in 
regard  to  these  products,  is  given  in  Shape  Book. 
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AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,    PA.,    U.    S.    A. 

AFFILIATED     WITH     THE 

International  Association  for  Testing  Materials 


STANDARD  SPECIFICATIONS 

FOB 

STRUCTURAL  STEEL  FOR  BRIDGES 

Serial  Designation:  A7-16. 

These  specifications  are  issued  under  the  fixed  designation  A  7 ;  the 
final  number  indicates  the  year  of  original  adoption  as  standard  or,  in  the 
case  of  revision,  the  year  of  last  revision. 

Adopted,    1901;   Revised,    1905,   1909,    1913,    1914,    1915,    1916. 


1.  Steel  Castings.  The  Standard  Specifications  for  Steel  Castings 
(Serial  Designation  A-27)  adopted  by  the  American  Society  for 
Testing  Materials  shall  govern  the  purchase  of  steel  castings  for 
bridges.  Unless  otherwise  specified,  Class  B  castings,  medium 
grade,  shall  be  used. 

I.     MANUFACTURE 

2.  Process.     The  steel  shall  be  made  by  the  open-hearth  process. 

II.     CHEMICAL  PROPERTIES  AND  TESTS 

3.  Chemical  Composition.  The  steel  shall  conform  to  the  following 
requirements  as  to  chemical  composition: 

Structural  Steel  Rivet  Steel 

f  Acid not  over  0.06  per  cent     not  over  0.04  per  cent 

Phosphorus^  „    .  ,...„„,.,.. 

\Basic "       "     0.04    "      "         "       "     0.04    " 

Sulphur "       "     0.05 '       "       .045"      " 
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4.  Ladle  Analyses.  An  analysis  of  each  melt  of  steel  shall  be  made 
by  the  manufacturer  to  determine  the  percentages  of  carbon, 
manganese,  phosphorus  and  sulphur.  This  analysis  shall  be  made 
from  a  test  ingot  taken  during  the  pouring  of  the  melt.  The  chemical 
composition  thus  determined  shall  be  reported  to  the  purchaser  or 
his  representative,  and  shall  conform  to  the  requirements  specified 
in  sec.  3. 

5.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from 
finished  material  representing  each  melt.  The  phosphorus  and 
sulphur  content  thus  determined  shall  not  exceed  that  specified  in 
sec.  3  by  more  than  25  per  cent. 

III.     PHYSICAL  PROPERTIES  AND  TESTS 

6.  Tension  Tests,  (a)  The  material  shall  conform  to  the  follow- 
ing requirements  as  to  tensile  properties: 


Properties  Considered 

Structural 
Steel 

Rivet 
Steel 

Tensile  strength lb. 

per  sq.  inch 

55,000-65,000j 

46,000-56,000 

Yield  point,  min lb. 

per  sq.  inch 

0.5  tens.  str. 

0.5  tens.  str. 

Elongation  in  8  inches,  min  .  . 

.  .  .per  cent 

1,500,0006 
tens.  str. 

1,500,000 
tens.  str. 

Elongation  in  2  inches,  min . 

.    ner  opint 

22 

oSee  par.  (6). 


6  See  sec.  7. 


(6)  In  order  to  meet  the  required  minimum  tensile  strength  of 
full-size  annealed  eye  bars,  the  purchaser  may  determine  the  tensile 
strength  to  be  obtained  in  specimen  tests,  the  range  shall  not 
exceed  14,000  lb.  per  sq.  inch  and  the  maximum  shall  not  exceed 
74,000  lb.  per  sq.  inch.  The  material  shall  conform  to  the 
requirements  as  to  physical  properties  other  than  that  of  tensile 
strength,  specified  in  sec.  6,  7  and  8  (6). 

(c)  The  yield  point  shall  be  determined  by  the  drop  of  the 
beam  of  the  testing  machine. 

7.  Modifications  in  Elongration.  (a)  For  structural  steel  over  % 
inch  in  thickness,  a  deduction  of  1  from  the  percentage  of  elongation 
in  8  inches  specified  in  sec.  6  (a)  shall  be  made  for  each  increase 
of  }4  inch  in  thickness  above  %  inch  to  a  minimum  of  18  per  cent. 

(b)  For  structural  steel  under  %6  inch  in  thickness,  a  deduc- 
tion of  2.5  from  the  percentage  of  elongation  in  8  inches  specified 
in  sec.  6  (a)  shall  be  made  for  each  decrease  of  Vie  inch  in  thickness 
below  %6  inch. 
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8.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes  and 
bars,  except  as  specified  in  par.  (6),  (c)  and  (d),  shall  bend  cold 
through  180  degrees  without  cracking  on  the  outside  of  the  bent 
portion,  as  follows:  For  material  %  inch  or  under  in  thickness,  fiat 
on  itself;  for  material  over  ^  inch  to  and  including  IJ^  inch  in 
thickness,  around  a  pin  the  diameter  of  which  is  equal  to  the 
thickness  of  the  specimen;  and  for  material  over  1 J^  inch  in  thickness, 
around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of 
the  specimen. 

(b)  The  test  specimen  for  eye-bar  fiats  shall  bend  cold  through 
180  degrees  without  cracking  on  the  outside  of  the  bent  portion 
as  follows:  For  material  ^  inch  or  under  in  thickness,  around  a 
pin  the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen ; 
for  material  over  54  inch  to  and  including  134  inch  in  thickness, 
around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness 
of  the  specimen;  and  for  material  over  1J4  inch  in  thickness, 
around  a  pin  the  diameter  of  which  is  equal  to  three  times  the 
thickness  of  the  specimen. 


Parallel  section 

^ 5^ 

not  less  than  9 ' 


(c)  The  test  specimen  for  pins,  rollers  and  other  bars,  when 
prepared  as  specified  in  sec.  9  (e),  shall  bend  cold  through  180 
degrees  around  a  1-inch  pin  without  cracking  on  the  outside  of  the 
bent  portion. 

(d)  The  test  specimen  for  rivet  steel  shall  bend  cold  through 
180  degrees  flat  on  itself  without  cracking  on  the  outside  of  the 
bent  portion. 

9.  Test  Specimens,  (a)  Tension-and  bend-test  specimens  shall 
be  taken  from  rolled  steel  in  the  condition  in  which  it  comes  from 
the  rolls,  except  as  specified  in  par.  (b). 

(b)  Tension-and  bend-test  specimens  for  pins  and  rollers  shall 
be  taken  from  the  finished  bars,  after  annealing  when  annealing 
is  specified. 
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(c)  Tension-and  bend-test  specimens  for  plates,  shapes  and 
bars,  except  as  specified  in  par.  (d),  (e)  and  (/),  shall  be  of  the  full 
thickness  of  material  as  rolled.  They  may  be  machined  to  the 
form  and  dimensions  shown  in  fig.  1,  or  with  both  edges  parallel; 
except  that  bend-test  specimens  for  eye-bar  flats  may  have  three 
rolled  sides. 


* 2V4 

'  Radius  not  less  than  Vi 


r 

2  Gage  length 

NOTE: — The  gragre  length,  parallel  portions  and  fillets  shall  be  as 
shown,  but  the  ends  may  be  of  any  form  which  will  fit 
the   holders   of   the    testing:    machine. 

Figure  2. 


(d)  Tension-and  bend-test  specimens  for  plates,  and  tension- 
test  specimens  for  eye-bar  flats,  over  1 J^  inch  in  thickness  may  be 
machined  to  a  thickness  or  diameter  of  at  least  %  inch  for  a  length 
of  at  least  9  inches. 

(e)  Tension-test  specimens  for  pins,  rollers  and  bars  (except 
eye-bar  flats)  over  1 3^  inch  in  thickness  or  diameter  may  conform 
to  the  dimensions  shown  in  fig.  2.  In  this  case  the  ends  shall  be 
of  a  form  to  fit  the  holders  of  the  testing  machine  in  such  a  way 
that  the  load  shall  be  axial.  Bend-test  specimens  may  be  1  by 
J^  inch  in  section.  The  axis  of  the  specimen  shall  be  located  at 
any  point  midway  between  the  center  and  surface  and  shall  be 
parallel  to  the  axis  of  the  bar. 

(/)  Tension-and  bend-test  specimens  for  rivet  steel  shall  be  of 
the  full-size  section  of  bars  as  rolled. 

10.  Number  of  Tests,  (a)  One  tension-and  one  bend  test  shall 
be  made  from  each  melt;  except  that  if  material  from  one  melt 
differs  %  inch  or  more  in  thickness,  one  tension-and  one  bend  test 
shall  be  made  from  both  the  thickest  and  the  thinnest  material 
rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops 
flaws,  it  may  be  discarded  and  another  specimen  substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension-test  specimen 
is  less  than  that  specified  in  sec.  6  (a)  and  any  part  of  the  fracture 


CARNEQIE  STEEL  COMPANY 


is  more  than  ^4  inch  from  the  center  of  the  gage  length  of  a  2-inch 
specimen  or  is  outside  the  middle  third  of  the  gage  length  of  an 
8-inch  specimen,  as  indicated  by  scribe  scratches  marked  on  the 
specimen  before  testing,  a  retest  shall  be  allowed. 

IV.     PERMISSIBLE  VARIATIONS  IN   WEIGHT  AND  THICKNESS. 

11.  Permissible  Variations.  The  cross-section  or  weight  of  each 
piece  of  steel  shall  not  vary  more  than  2.5  per  cent  from  that 
specified;  except  in  the  case  of  sheared  plates,  which  shall  be  covered 
by  the  following  permissible  variations.  One  cubic  inch  of  rolled 
steel  is  assumed  to  weigh  0.2833  pounds, 
(a)     When  Ordered  to  Weight  per  Square  Foot : — 

The  weight  of  each  lot^  in  each  shipment  shall  not  vary  from  the 
weight  ordered  more  than  the  amount  given  in  Table  I, 

TABLE   I.— PERMISSIBLE   VARIATIONS   OF  PLATES 
ORDERED   TO  WEIGHT 


Permissible  Variations  in  Average  Weights 

PER  Square  Foot  of  Plates  for  Widths  Given, 

Expressed  in  Percentages  op  Ordered  Weights 

Ordered 

Weight, 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

IDS  in. 

120  in. 

Pounda 

Under 

to 

to 

to 

to 

to 

to 

to 

132  m. 

0      P^^x. 

48  in. 

coin. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

Square  Foot 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

over 

^ 

k 

i~i 

b. 

b 

^ 

1^ 

^ 

^ 

0 

~n 

i-i 

-rl 

t-i 

i-i 

T-I 

Fh 

•n 

S^ 

Tl 

SI 

T) 

S 

T) 

^ 

-0 

a 

> 

0 

P 

0 

P 

0 

t3 

3 

0 
7 

3 

^ 

t) 

0 

'^ 

0 

Uj 

0 

l-i 

0 

U 

Under  5 

5 

3 

5  5 

3 

5     to    7.5  excl. 

4  5 

3 

5 

3 

5  5 

3 

6 

3 

7.5  to  10 

4 

3 

4  5 

3 

5 

3 

5  5 

3 

fi 

3 

7 

3 

8 

3 

10      to  12.5     " 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

7 

3 

8 

3 

9 

3 

12.5  to  15 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

7 

3 

8 

3 

15      to  17.5      " 

2.5 

2.5 

3     2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

V 

3 

17.5  to  20 

2.5 

2 

2.5I2.5 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

20      to  25 

2 

2 

2.52 

2.5 

2.5 

3 

2.5 

3.5 

2.5 

4 

3 

4.53 

5 

3 

5.5 

3 

25      to  30 

2 

2 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

3 

4    l3 

4.5 

3 

5 

3 

30      to  40 

2 

2 

2 

2 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.53 

4 

3 

4.5 

3 

0 

<> 

2 

2 

2 

2 

2 

2 

2.5 

2 

2.5 

2.5 

3     |2.5 

3.5 

3 

4 

3 

Note. — The  weight  per  square  foot  of  individual  plates  shall  not  vary  from  the  ordered  weight 
by  more  than  lYa  times  the  amount  given  in  this  table. 

(b)     When  Ordered  to  Thickness : — 

The  thickness  of  each  plate  shall  not  vary  more  than  0.01  inch 

under  that  ordered. 

The  overweight  of  each  lot^  in  each  shipment  shall  not  exceed  the 

amount  given  in  Table  II. 

iThe  term  "lot"  applied  to  Table  I  means  all  of  the  plates  of  each  group  width  and  group  weight. 
2The  term  '  'lot "  applied  to  Table  II  means  all  of  the  plates  of  each  group  width  and  group  thickness. 


A.   S.  T.    M.— STRUCTURAL   STEEL   FOR   BRIDGES 


TABLE   II.— PERMISSIBLE   OVERWEIGHTS   OF  PLATES 
ORDERED  TO   THICKNESS 


Permissible  Excess  in  Average  Weights 

PER 

Square 

Foot  of  Plates  for  Widths  Given. 

Expressed  in  Percentages  op  Nominal  Weights 

Ordered 

Tbickoesa, 

Inches 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

Under 

to 

to 

to 

to 

to 

to 

to 

132  in. 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

or 

excl. 

excl. 

exci. 

excl. 

excl. 

excl. 

excl. 

over 

Under  Vs 

9 

10 

12 

14 

....    1   .... 

^   to  ^a  e.xcl 

8 

9 

10 

12 

%«  to  Vi      "    . . . . 

7 

8 

9 

10 

12 

Vi   to  sie     "    .  .  .  . 

6 

7 

8 

9 

10 

12 

14 

16 

19 

%o  to  %      "    .  .  .  . 

5 

6 

7 

8 

9 

10 

12 

14 

17 

%   to  T4o     "    . . . . 

4.5 

5 

6 

7 

8 

9 

10 

12 

15 

"vio  to  Va      '■.... 

4 

4.5 

5 

6 

7 

8 

9 

10 

13 

Va  to  %      ••    . . .  . 

3.5 

4 

4.5 

5 

6 

7 

8 

9 

11 

^8    to  %       "     

3 

3.5 

4 

4.5 

5 

6 

7           8 

9 

%   to  1       "    . . .  . 

2.5 

3 

3.5 

4 

4.5 

5 

6           7 

8 

1  or  over 

2.5 

2.5 

3 

3.5        4 

4.5 

5           6 

7 

V.     FINISH 

12.     Finish.     The  finished  material  shall  be  free  from   injurious 
defects  and  shall  have  a  workmanlike  finish. 


VI.     MARKING 

13.  Marking:.  The  name  or  brand  of  the  manufacturer  and  the 
melt  number  shall  be  legibly  stamped  or  rolled  on  all  finished 
material,  except  that  rivet  and  lattice  bars  and  other  small  sections 
shall,  when  loaded  for  shipment,  be  properly  separated  and  marked 
for  identification.  The  identification  marks  shall  be  legibly  stamped 
on  the  end  of  each  pin  and  roller.  The  melt  number  shall  be 
legibly  marked,  by  stamping,  if  practicable,  on  each  test  specimen. 


VII.     INSPECTION  AND  REJECTION 

14.  Inspection.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered. 
The  manufacturer  shall  afi'ord  the  inspector,  free  of  cost,  all  reason- 
able facilities  to  satisfy  him  that  the  material  is  being  furnished  in 
accordance    with    these    specifications.     All    tests    (except    check 
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analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  con- 
ducted as  not  to  interfere  unnecessarilj'  with  the  operation  of  the 
works. 

15.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection 
based  on  tests  made  in  accordance  with  sec.  5  shall  be  reported 
within  five  working  days  from  the  receipt  of  samples. 

(6)  Material  which  shows  injurious  defects  subsequent  to  its 
acceptance  at  the  manufacturer's  works  will  be  rejected,  and  the 
manufacturer  shall  be  notified. 

16.  Rehearing.  Samples  tested  in  accordance  with  sec.  5,  which 
represent  rejected  material,  shall  be  preserved  for  two  weeks  from 
the  date  of  the  test  report.  In  case  of  dissatisfaction  with  the 
results  of  the  tests,  the  manufacturer  may  make  claim  for  a  re- 
hearing within  that  time. 
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AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,     PA.,    U.    S.    A. 
AFFILIATED    WITH     THE 

International  Association  for  Testing  Materials 


STANDARD  SPECIFICATIONS 

FOR 

STRUCTURAL  NICKEL  STEEL 

Serial  Designation:  A8-16. 

These  specifications  are  issued  under  the  fixed  designation  A  8;  the  final 
number  indicates  the  year  of  origlncil  Issue  or.  In  the  case  of  revision,  the 
year  of  last  revision. 

Adopted,    1912;   Revised,    1913,    1914,    1916. 
I.     MANUFACTURE 

1.  Process.     The  steel  shall  be  made  by  the  open-hearth  process. 

2.  Discard.  A  sufficient  discard  shall  be  made  from  each  ingot 
intended  for  eye  bars  to  secure  freedom  from  injurious  piping  and 
undue  segregation. 

II.     CHEMICAL  PROPERTIES  AND  TESTS 

3.  Chemical  Composition.  The  stccl  shall  Conform  to  the  following 
requirements  as  to  chemical  composition: 

Stbuctural  Steel  Rivet  Steel 

Carbon not  over    0.45  per  cent  not  over    0.30  per  cent 

Manganese "       "       0.70    "     "  "       "       O.CO    " 

T.U       V,         fAcid "       "       0.05    "     "  "       "       0.04    " 

Phosphorus<„    .  ..       ..       „^.     ,      ,,  ..       ,.  ., 

^Basic "       "       0.04    "     "  "       "       0.03    " 

Sulphur "       "        0.05    "      "  "       "        0.45    " 

Nickel not  under  3.25    "     "  not  under  3.25    " 
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4.  Ladle  Analyses.  An  analysis  of  each  melt  of  steel  shall  be  made 
by  the  manufacturer  to  determine  the  percentages  of  the  elements 
specified  in  sec.  3.  This  analysis  shall  be  made  from  a  test  ingot 
taken  during  the  pouring  of  the  melt.  The  chemical  composition 
thus  determined  shall  be  reported  to  the  purchaser  or  his  representa- 
tive, and  shall  conform  to  the  requirements  specified  in  sec.  3. 

5.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from 
finished  material  representing  each  melt.  The  chemical  composition 
thus  determined  shall  conform  to  the  requirements  specified  in  sec.  3. 


III.     PHYSICAL  PROPERTIES  AND  TESTS 

6.     Tension  Tests,     (a)     The    material    shall     conform    to 
following  requirements  as  to  tensile  properties: 


the 


Properties  Considered 

Rivet  Steel 

Plates,  Shapes 
and  Bars 

Eye  Bars  and 

Rollers,  c 

Unannealed 

Eye  Bars,  a  and 

Pins.c 

Annealed 

Tensile  strength, 
lb.  per  sq.  inch 

Yield  point,  min., 
lb.  per  sq.  inch 

Elongation  in 
8  inches, 
min.,    per  cent 

Elongation  in 
2  inches, 
min.,  per  cent 

Reduction  of  area 
min.,  per   cent 

70,000-80,000 
45,000 

1,500,000 
tens.  str. 

85,000-100,000 
50,000 

1,500,0006 
tens.  str. 

95,000-110,000 
55,000 

1,500,000  & 
tens.  str. 

16 
25 

90.000-105,000 
52,000 

20 

20 

40 

25 

35 

o  Tests  of  annealed  specimens  of  eye  bars  shall  be  made  for  information  only. 

b  See  sec.  7. 

c  Elongation  shall  be  measured  in  2  inches. 

(6)  The  yield  point  shall  be  determined  by  the  drop  of  the 
beam  of  the  testing  machine. 

7.  Modifications  in  Elongations.  For  plates,  shapes  and  unannealed 
bars  over  1  inch  in  thickness,  a  deduction  of  1  from  the  percentage 
of  elongation  specified  in  sec.  6  (a)  shall  be  made  for  each  increase 
of  3^  inch  in  thickness  above  1  inch,  to  a  minimum  of  14  per  cent. 

8.  Character  of  Fracture.  All  broken  tension-test  specimens  shall 
show  either  a  silky  or  a  very  fine  granular  fracture,  of  uniform 
color,  and  free  from  coarse  crystals. 

9.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes  and 
bars  shall  bend  cold  through  ISO  degrees  without  cracking  on  the 
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outside  of  the  bent  portion,  as  follows:  For  material  M  inch  or 
under  in  thickness,  around  a  pin  the  diameter  of  which  is  equal  to 
the  thickness  of  the  specimen;  and  for  material  over  %  inch  in 
thickness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the 
thickness  of  the  specimen. 

(5)  The  test  specimen  for  pins  and  rollers  shall  bend  cold 
through  ISO  degrees  around  a  1-inch  pin  without  cracking  on  the 
outside  of  the  bent  portion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through 
180  degrees  fiat  on  itself  without  cracking  on  the  outside  of  the 
bent  portion. 

10.  Drift  Tests.  Punched  rivet  holes  pitched  two  diameters 
from  a  planed  edge  shall  stand  drifting  until  the  diameter  is  enlarged 
50  per  cent,  without  cracking  the  metal. 

11.  Test  Specimens,  (a)  Tension-and  bend-test  specimens  shall 
be  taken  from  the  finished  material.  Specimens  for  pins  shall  be 
taken  after  annealing. 


^ About  3 


^Parallel  section 
not  less  than  9 "  I 


:■  Vi-^ '  1--  -^tc.M^-j : 


- 18 >■ 

Figure  1. 

(6)  Tension-and  bend-test  specimens  for  plates,  shapes  and 
bars,  except  as  specified  in  par.  (c),  shall  be  of  the  full  thickness 
of  material  as  rolled.  They  may  be  machined  to  the  form  and 
dimensions  shown  in  fig.  1,  or  with  both  edges  parallel;  except 
that  bend-test  specimens  shall  not  be  less  than  2  inches  in  width, 
and  that  bend-test  specimens  for  eye-bar  flats  may  have  three 
rolled  sides. 

(c)  Tension-and  bend-test  specimens  for  plates  and  bars  (except 
eye-bar  flats)  over  13^  inch  in  thickness  or  diameter  may  be 
machined  to  a  thickness  or  diameter  of  at  least  %  inch  for  a  length 
of  at  least  9  inches. 

(d)  The  axis  of  tension-and  bend-test  specimens  for  pins  and 
rollers  shall  be  1  inch  from  the  surface  and  parallel  to  the  axis  of 
the  bar.     Tension-test  specimens  shall  conform  to  the  dimensions 
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shown  in  fig.  2.  The  ends  shall  be  of  a  form  to  fit  the  holders  of 
the  testing  machine  in  such  a  way  that  the  load  shall  be  axial.  Bend- 
test  specimens  shall  be  1  by  3^^  inch  in  section. 

(e)  Tension-and  bend-test  specimens  for  rivet  steel  shall  be  of 
the  full-size  section  of  bars  as  rolled. 

12.  Number  of  Tests,  (a)  One  tension-and  one  bend  test  shall 
be  made  from  each  melt;  except  that  if  material  from  one  melt 
differs  %  inch  or  more  in  thickness,  one  tension-and  one  bend  test 
shall  be  made  from  both  the  thickest  and  the  thinnest  material 
rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops 
flaws,  it  may  be  discarded  and  another  specimen  substituted. 


2  Gage  length 


NOTE: — The  gage  length,  parallel  portions  and  fillets  shall  be  as 
shown,  but  the  ends  may  be  of  any  form  which  will  fit  the 
holders  of  the  testing  machine. 

Figure  2. 

(c)  If  the  percentage  of  elongation  of  any  tension-test  specimen 
is  less  than  that  specified  in  sec.  6  (a)  and  any  part  of  the  fracture 
is  more  than  %  inch  from  the  center  of  the  gage  length  of  a 
2-inch  specimen  or  is  outside  the  middle  third  of  the  gage  length 
of  an  8-inch  specimen,  as  indicated,  by  scribe  scratches  marked  on 
the  specimen  before  testing,  a  retest  shall  be  allowed. 

IV.     PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  THICKNESS 

13.  Permissible  Variations.  The  cross-section  or  weight  of  each 
piece  of  steel  shall  not  vary  more  than  2.5  per  cent  from  that 
specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  permissible  variations.  One  cubic  inch 
of  rolled  steel  is  assumed  to  weigh  0.2833  poimd. 

(a)      When  Ordered  to  Weight  per  Square  Foot: — 

The  weight  of  each  lot^  in  each  shipment  shall  not  vary  from  the 
weight  ordered  more  than  the  amount  given  in  Table  I. 


iThe  term  "lot"  applied  to  Table  I  means  all  of  the  plates  of  each  group  width  and  group  weight. 
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TABLE   L— PERMISSIBLE   VARIATIONS  OF  PLATES 
ORDERED   TO  WEIGHT 


Permissible  Variations  in  Average  Weights 
PER  Square  Foot  of  Plates  for  Widths  Given, 
Expressed  in  Percentages  op  Ordered  Weights 

Ordered 

Weiglit, 

Pounds 

per 

Square  Foot 

Under 
48  in. 

48  in. 

to 
60  in. 
excl. 

60  in. 

to 
72  in. 
excl. 

72  in. 

to 
84  in. 
excl. 

84  in. 

to 
96  in. 
excl. 

96  in. 

to 
108  in. 
excl. 

108  in. 

to 
120  in. 
excl. 

120  in. 

to 
132  in. 
excl. 

132  in. 
or 
over 

1 
O 

1 

S 
a 

1 

1 

1 

!3 

c5 

O 

■13 

1 

> 
o 

S3 

T3 

a 

6 

1 

P 

Under  5 

5 

4  F, 

3 
3 
3 

5.5 

5 

4.5 

4 

3.5 

3 

2.5 

2.5 

2 

2 

2 

3 
3 
3 
3 

2.5 

2!5 

2 

2 

2 

2 

6 

5.5 

5 

4.5 

4 

3.5 

3 

2.5 

2.5 

2 

2 

3 

3 

3 

3 

3 

2.5 

2.5 

2.5 

2 

2 

2 

7 

6 

5.5 

5 

4.5 

4 

3.5 

3 

2.5 

2.5 

2 

3 

3 

3 

3 

3 

3 

2.5 

2.5 

2.5 

2 

2 

5     to    7.5  excl. 

7.5  to  10         "       4 

6 

5.5 

5 

4.5 

4 

3.5 

3 

2.5 

2.5 

3 

3 

3 

3 

3 

2.5 

2.5 

2.5 

2 

7 

6 

5.6 

5 

4.5 

4 

3.5 

3 

2.5 

3 

3 

3 

3 

3 

3 

3 

2.5 

2.5 

8 

7 

6 

5.5 

5 

4.5 

4 

3.5 

3 

3 
3 
3 
3 
3 
3 
3 
3 
2.5 

10      to  12.5     " 

12.5  to  15 

15      to  17.5     " 

17.5  to  20 

20      to  25 

25      to  30 

30      to  40 

40  or  over 

3.5 

L 

2.5 

2 

2 

2 

2 

2.5 

2.5 

2.5 

2 

2 

2 

2 

2 

8 

7 

6 

5.5 

5 

4.5 

4 

3.5 

3 
3 
3 
3 
3 
3 
3 
3 

9 

8 

7 

6 

5.5 

5 

4.5 

4 

3 
3 
3 
3 
3 
3 
3 
3 

Note. — The  weight  per  square  foot  of  individual  plates  shall  not  vary  from  the  ordered 
weight  by  more  than  V/y,  times  the  amount  given  in  this  Table. 

(6)      When  Ordered  to  Thickness: — 

The  thickness  of  each  phitc  shall  not  vary  more  than  0.01  inch 

imder  that  ordered. 
The  overweight  of  each  lot^  in  each  shipment  shall  not  exceed  the 

amount  given  in  Table  II. 


TABLE   II.- 


-PERMISSIBLE   OVERWEIGHTS   OP  PLATES 
ORDERED  TO   THICKNESS 


Permissible  E.kcess  in  Average  Weights 

PER  Square 

Foot  of  Plates  fc>r  Widths  G 

IVEN. 

E.\pressf,d  in  Percentages  op  Nominal  Weights 

Ordered 

Thickness, 

Inches 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

. 

Under 

to 

to 

to 

to 

to 

to 

to 

132  in. 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

over 

Under  V» 

9 

10 

12 

14 

Vs  to  Via  excl .... 

8 

9 

10 

12 

' 

%o  to  y*    "  . . . . 

7 

8 

9 

10 

12 

M   to  "jio    "    

6 

7           8 

9 

10 

12 

14 

16 

19 

'i'ltt  to  %      "    

5 

G           7 

8 

9 

10 

12 

14 

17 

%    to  ■via     •■    .... 

4.5 

5      1     6 

7 

8 

9 

10 

12 

15 

',^.1  to  Mi      "    

4 

4.5        5 

6 

7 

8 

9 

10 

13 

1/2  to  %      "    .... 

3.5 

4            4.5 

5 

6 

7 

8 

9 

11 

%  to  %      •'.... 

3 

3.5        4 

4.5 

5 

6 

7 

8 

9 

%    to  1         "    .  .  .  . 

2.5 

3           3.5 

4 

4.5        5 

G 

7 

8 

1  or  over 

2.5 

2.5        3 

3.5 

4            4.5 

5 

6 

7 

The  term  "lot"  applied  to  Table  II  means  all  of  the  plates  of  each  group  width  and  group  thickness 
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V.     FINISH 

14.     Finish     The  finished  material  shall  be  free  from  injurious 
defects  and  shall  have  a  workmanlike  finish. 


VI.     MARKING 

15.  Marking:.  The  name  or  brand  of  the  manufacturer  and  the 
melt  number  shall  be  legibly  stamped  or  rolled  on  all  finished 
material,  except  that  rivet  and  lattice  bars  and  other  small  sections 
shall,  when  loaded  for  shipment,  be  properly  separated  and  marked 
for  identification.  The  identification  marks  shall  be  legibly 
stamped  on  the  end  of  each  pin  and  roller.  The  melt  number 
shall  be  legibly  marked,  by  stamping  if  practicable,  on  each  test 
specimen. 

VII.     INSPECTION  AND  REJECTION 

16.  Inspection.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered. 
The  manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reason- 
able facilities  to  satisfy  him  that  the  material  is  being  furnished 
in  accordance  with  these  specifications.  All  tests  (except  check 
analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  con- 
ducted as  not  to  interfere  unnecessarilj^  with  the  operation  of  the 
works. 

17.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection 
based  on  tests  made  in  accordance  with  sec.  5  shall  be  reported 
within  five  working  days  from  the  receipt  of  samples. 

(b)  Material  which  shows  injurious  defects  subsequent  to  its 
acceptance  at  the  manufacturer's  works  will  be  rejected,  and  the 
manufacturer  shall  be  notified. 

18.  Rehearing.  Samples  tested  in  accordance  with  sec.  5,  which 
represent  rejected  material,  shall  be  preserved  for  two  weeks  from 
the  date  of  the  test  report.  In  case  of  dissatisfaction  with  the 
results  of  the  tests,  the  manufacturer  may  make  claim  for  a  re- 
hearing within  that  time. 
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VIII.     FULL-SIZE  TESTS 

19.     Test  of  Eye  Bars,     (a)     Full-size  tests  of  annealed  eye  bars 
shall  conform  to  the  following  requirements  as  to  tensile  properties: 

Tensile  strength lb.  per  sq.  inch  85,000-100,000 

Yield  point,  min lb.  per  sq.  inch  48,000 

Elongation  in  18  ft.,  min per  cent  10 

Reduction  of  area,  min ....  per  cent  30 

(6)     The  yield  point  shall  be   determined  by  the  halt  of  the 
gage  of  the  testing  machine. 
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,AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,    PA.,    V.    8.    A. 

AFFILIATED     WITH     THE 

International  Association  for  Testing  Materials 


STANDARD  SPECIFICATIONS 

FOB 

,  STRUCTURAL  STEEL  FOR  BUILDINGS 

Serial  Designation:  A9-16. 

These  specifications  are  issued  xmder  the  fixed  designation  A  9;  the  final 
number  indicates  the  year  of  original  issue  or,  in  the  case  of  revision,  the 
year  of  last  revision. 

Adopted,    1901;   Revised,    1909,    1913,   1914,    1916. 

Note  Adopted  June  26,   1918. 

In  view  of  the  abnormal  difficulty  in  obtaining  materials  in  time  of  war,  the  rejection  limits 
for  Sulphur  in  aU  steels  and  for  Phosphorus  in  acid  steels  shall  be  raised  0.01  per  cent  above  the 
values  given  in  these  Specifications.  This  shall  be  effective  during  the  period  of  the  war  and 
until  otherwise  ordered  by  the  Society. 

I.     MANUFACTURE 

1.  Process,  (a)  Structural  steel,  except  as  noted  in  par.  (6), 
may  be  made  by  the  bessemer-or  the  open-hearth  process. 

(b)  Rivet  steel,  and  steel  for  plates  or  angles  over  %  inch  in 
thickness  which  are  to  be  punched,  shall  be  made  by  the  open- 
hearth  process. 

II.      CHEMICAL  PROPERTIES  AND  TESTS 

2.  Chemical  Composition.  The  steel  shall  conform  to  the  following 
requirements  as  to  chemical  composition: 

Structural  Steel  Rivet  Steel 

fBessemer. .  .    not  over  0.10  per  cent  

Phosphorus  < 

lOpen-hearth    "       "     0.06    "       "        not  over    0.06  per  cent 

Sulphur 0.045"       " 
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3.  Ladle  Analyses.  An  analysis  of  each  melt  of  steel  shall  be  made 
b}'  the  manufacturer  to  determine  the  percentages  of  carbon, 
manganese,  phosphorus  and  sulphur.  This  analysis  shall  be  made 
from  a  test  ingot  taken  during  the  pouring  of  the  melt.  The  chemical 
composition  thus  determined  shall  be  reported  to  the  purchaser  or 
his  representative,  and  shall  conform  to  the  requirements  specified 
in  sec.  2. 

4.  Check  Analyses.  jVnalyses  may  be  made  by  the  purchaser  from 
finished  material  representing  each  melt.  The  phosphorus  and 
sulphur  content  thus  determined  shall  not  exceed  that  specified  in 
sec.  2  by  more  than  25  per  cent. 

III.     PHYSICAL  PROPERTIES  AND  TESTS 

5.  Tension  Tests,  (a)  The  material  shall  conform  to  the 
following  requirements  as  to  tensile  properties: 


Properties  Considered 


Structural  Stee!  Rivet  Steel 


Tensile  strength lb.  per  sq.  inch     55,000-65,000    I    46,000-56,000 

Yield  point,  min lb.  per  sq.  inch 

Elongation  in  S  inches,  min per  cent 

Elongation  in  2  inches,  min per  cent 


0.5  tens.  str.  0.5  tens.  str. 

1.400.000a  :  1,400,000 

tens.  str.  tens.  str. 


a  See  sec.  6. 

(6)  The  yield  point  shall  be  determined  by  the  drop  of  the 
beam  of  the  testing  machine. 

6.  Modifications  in  Elongration.  (a)  For  structural  steel  over  ^ 
inch  in  thickness,  a  deduction  of  1  from  the  percentage  of  elongation 
in  8  inches  specified  in  sec.  5  (a)  shall  be  made  for  each  increase 
of  }/%  inch  in  thickness  above  %  inch  to  a  minimum  of  18  per  cent. 

(6)  For  structural  steel  under  ^is  inch  in  thickness,  a  deduction 
of  2.5  from  the  percentage  of  elongation  in  8  inches  specified  in 
sec.  5  (a)  shall  be  made  for  each  decrease  of  ^e  inch  in  thickness 
below  %6  inch. 

7.  Bend  Tests,  (a)  The  test  specimen  for  plates,  shapes  and 
bars,  except  as  specified  in  par.  (6)  and  (c),  shall  bend  cold  through 
180  degrees  without  cracking  on  the  outside  of  the  bent  portion, 
as  follows:  For  material  ^  inch  or  under  in  thickness,  flat  on 
itself;  for  material  over  ^  inch  to  and  including  1J<^  inch  in  thick- 
ness, around  a  pin  the  diameter  of  which  is  equal  to  the  thickness 
of  the  snecimen;  and  for  material  over  11^  inch  in  thickness,  around 
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a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness  of  the 
specimen. 

(b)  The  test  specimen  for  pins,  rollers  and  other  bars,  when 
prepared  as  specified  in  sec.  8  (e),  shall  bend  cold  through  180 
degrees  around  a  1-inch  pin  without  cracking  on  the  outside  of  the 
bent  portion. 

(c)  The  test  specimen  for  rivet  steel  shall  bend  cold  through 
180  degrees  flat  on  itself  without  cracking  on  the  outside  of  the 
bent  portion. 

8.  Test  Specimens,  (a)  Tension-and  bend-test  specimens  shall 
be  taken  from  rolled  steel  in  the  condition  in  which  it  comes  from 
the  rolls,  except  as  specified  in  par.  (&). 

(b)  Tension-and  bend-test  specimens  for  pins  and  rollers  shall 
be  taken  from  the  finished  bars,  after  annealing  when  annealing 
is  specified. 


Parallel  section^ 
not  less  than  9 " 


(c)  Tension-and  bend-test  specimens  for  plates,  shapes  and 
bars,  except  as  specified  in  par.  (d),  (e)  and  (/),  shall  be  of  the  full 
thickness  of  material  as  rolled;  and  maj'  be  machined  to  the  form 
and  dimensions  shown  in  fig.  1,  or  with  both  edges  parallel. 

(d)  Tension-and  bend-test  specimens  for  plates  over  IH  inch 
in  thickness  may  be  machined  to  a  thickness  or  diameter  of  at  least 
5^  inch  for  a  length  of  at  least  9  inches. 

(e)  Tension-test  specimens  for  pins,  rollers  and  bars  over  X14 
inch  in  thickness  or  diameter  may  conform  to  the  dimensions 
shown  in  fig.  2.  In  this  case  the  ends  shall  be  of  a  form  to  fit  the 
holders  of  the  testing  machine  in  such  a  way  that  the  load  shall  be 
axial.  Bend-test  specimens  may  be  1  by  J^  inch  in  section.  The 
axis  of  the  specimens  shall  be  located  at  any  point  midway  between 
the  center  and  surface  and  shall  be  parallel  to  the  axis  of  the  bar. 
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(/)  Tension-and  bend-test  specimens  for  rivet  steel  shall  be 
of  the  full-size  section  of  bars  as  rolled. 

9.  Number  of  Tests,  (a)  One  tension-and  one  bend  test  shall  be 
made  from  each  melt;  except  that  if  material  from  one  melt  differs 
^  inch  or  more  in  thickness,  one  tension-and  one  bend  test  shall  be 
made  from  both  the  thickest  and  the  thinnest  material  rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops 
flaws,  it  may  be  discarded  and  another  specimen  substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension-test  specimen 
is  less  than  that  specified  in  sec.  5  (a)  and  any  part  of  the  fracture 
is  more  than  %  inch  from  the  center  of  the  gage  length  of  a  2-inch 
specimen  or  is  outside  the  middle  third  of  the  gage  length  of  an 
8-inch  specimen,  as  indicated  bj^  scribe  scratches  marked  on  the 
specimen  before  testing,  a  retest  shall  be  allowed. 


----- -214 

Radius  not  less  than 


2  Gage  length 

NOTE: — The  gage  length,  parallel  portions  and  fillets  shall  be  as 
■hown,  but  the  ends  may  be  of  any  form  which  will  fit  the 
holder  of  the  testing  machine. 

Figure  2. 


IV.     PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND   THICKNESS 

10.  Permissible  Variations.  The  cross-section  or  weight  of  each 
piece  of  steel  shall  not  vary  more  than  2.5  per  cent  from  that 
specified;  except  in  the  case  of  sheared  plates,  which  shall  be  covered 
by  the  following  permissible  variations.  One  cubic  inch  of  rolled 
steel  is  assumed  to  weigh  0.2833  pound. 

(a)      When  Ordered  to  Weight  per  Square  Foot : — 

The  weight  of  each  lot^  in  each  shipment  shall  not  vary  from  the 
weight  ordered  more  than  the  amount  given  in  TaVjle  I. 


^The  term  "lot"  applied  to  Table  I  means  all  of  the  plates  of  each  group  width  and  group  weight. 
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TABLE   I.- 


-PERMISSIBLE  VARIATIONS  OF  PLATES 
ORDERED   TO  WEIGHT 


Permissible  Varutions  in 

Average  Weights 

PER  Square  Foot  of  Plates  for  Widths  Given, 

Expressed  in  Percentages  op  Ordered  Weights 

Ordered 

Weight, 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

Pounds 

Under 

to 

to 

to 

to 

to 

to 

to 

per 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

Square  loot 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

^ 

S 

«- 

^ 

u 

-n 

S^ 

-n 

b. 

-n 

t~i 

-rt 

Si 

-n 

f.1 

-n 

Si 

-D 

Si 

-rt 

t- 

-c 

a 

a 

a 

a 

a 

> 

•^ 

!=) 

6 

t3 

CJ 

t> 

o 

t3 

o 

P 

O 

ti 

o 

Ui 

o 

ti 

O 

Uj 

5 

4.5 

4 

3 
3 

3 

5.5 
5 

4  5 

3 
3 
3 

6 

5.5 

5 

3 
3 
3 

7 
6 
5  5 

3 
3 
3 

7.5  to  10 

R 

3 

7 

3 

8 

3 

10      to  12.5      " 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

0 

3 

7 

3 

8 

3 

9 

3 

12.5  to  15 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

7 

3 

8 

3 

15      to  17.5      " 

2.5 

2.5 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

0 

3 

V 

3 

17.5  to  20 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

2,5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

20      to  25 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

6.6 

3 

25      to  30 

2 

2 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

3 

4 

3 

4.5 

3 

6 

3 

30      to  40 

2 

2 

2 

2 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

3 

4 

3 

4.5 

3 

40  or  over 

2 

2 

2 

2 

2 

2 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.53.5 

3 

4 

3 

Note. — The  weight  per  square  foot  of  individual  plates  shall  not  vary  from  the  ordered  weight 
by  more  than  1%  times  the  amount  given  in  this  table. 

(5)       When  Ordered  to  Thickness : — 

The  thickness  of  each  plate  shall  not  vary  more  than  0.01  inch 
under  that  ordered. 
The  overweight  of  each   lot^  in  each  shipment  shall  not  exceed 
the  amount  given  in  Table  II. 

TABLE   II.— PERMISSIBLE    OVERWEIGHTS   OF  PLATES 
ORDERED   TO   THICKNESS 


Permissible  Excess  in  Average  Weights 

per  Square 

Foot  of  Plates 

FOR  Widths  Given, 

Expressed  ln  Percentages  of  Nominal  \\  eights 

Ordered 

Thickness, 

Inches 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 
or 

Under 

to 

to 

to 

to 

to 

to 

to 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

Under  Vs  ....... 

9 

10 

12 

14 

%  to  »Ao  excl .... 

8 

9 

10 

12 

=5i6to  Vi      "    . ... 

7 

8 

9 

10 

i2 

Vt  to  5/4e    "    .... 

6 

7 

8 

9 

10 

12 

14 

16 

19 

¥16  to  %      "    

5 

6 

7 

8 

9 

10 

12 

14 

17 

%   to  %6     "    .... 

4.5 

5 

6 

7 

8 

9 

10 

12 

15 

Tie  to  Va      "    .  .  .  . 

4 

4.5 

5 

6 

7 

8 

9 

10 

13 

V2    to  %       "     

3.5 

4 

4.5 

5 

6 

7 

8 

9 

11 

%  to  %      "    

3 

3.5 

4 

4.5 

5 

6 

7 

8 

9 

%    to  1         "     

2.5 

3 

3.5 

4 

4.5 

5 

6 

7 

8 

1  or  over 

2.5 

2.5 

3 

3.5   1     4 

4.5 

5     i       6 

7 

-The  term  "lot"  applied  to  Table  II  means  all  of  the  plates  of  each  group  width  and  group  thickness. 
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V.      FINISH 

11.  Finish.  The  finished  material  shall  be  free  from  injurious 
defects  and  shall  have  a  workmanlike  finish. 

VI.     MARKING 

12.  Marking.  The  name  or  brand  of  the  manufacturer  and  the 
melt  number  shall  be  legibly  stamped  or  rolled  on  all  finished 
material,  except  that  rivet  and  lattice  bars  and  other  small  sections 
shall,  when  loaded  for  shipment,  be  properly  separated  and  marked 
for  identification.  The  identification  marks  shall  be  legibly  stamped 
on  the  end  of  each  pin  and  roller.  The  melt  number  shall  be 
legibly  marked,  by  stamping,  if  practicable,  on  each  test  specimen. 

VII.     INSPECTION  AND  REJECTION 

13.  Inspection.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered. 
The  manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reason- 
able facilities  to  satisfy  him  that  the  material  is  being  furnished  in 
accordance  with  these  specifications.  All  tests  (except  check 
analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  con- 
ducted as  not  to  interfere  unnecessarily  with  the  operation  of  the 
works. 

14.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection 
based  on  tests  made  in  accordance  with  sec.  4  shall  be  reported 
within  five  working  days  from  the  receipt  of  samples. 

(6)  Material  which  shows  injurious  defects  subsequent  to  its 
acceptance  at  the  manufacturer's  works  will  be  rejected,  and  the 
manufacturer  shall  be  notified. 

15.  Rehearingr.  Samples  tested  in  accordance  witli  sec.  4,  which 
represent  rejected  material,  shall  be  preserved  for  two  weeks  from 
the  date  of  the  test  report.  In  case  of  dissatisfaction  with  the 
results  of  the  tests,  the  manufacturer  may  make  claim  for  a  re- 
hearing within  that  time. 
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AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,     PA.,    U.    S.    A. 
AFFILIATED     WITH     THE 

International  Association  for  Testing  Materials 


STANDARD  SPECIFICATIONS 

FOB 

BILLET  STEEL 
CONCRETE  REINFORCEMENT  BARS 

Serial  Designation:  A15-14. 

These  specifications  are  issued  iinder  the  fixed  designation  A  15;  the  final 
number  indicates  the  year  of  original  issue  or,  in  the  case  of  revision,  the 
year  of  last  revision. 

Adopted,   1911;   Revised,    1912,    1913,    1914. 

Note  Adopted  June  26,  1918. 

In  view  of  the  abnormal  difficulty  in  obtaining  materials  in  time  of  war,  the  rejection  limits 
for  Sulphur  in  all  steels  and  for  Phosphorus  in  acid  steels  shall  be  raised  0.01  per  cent  above  the 
values  given  in  these  Specifications.  This  shall  be  effective  during  the  period  of  the  war  and 
until  otherwise  ordered  by  the  Society. 

1.  Material  Covered,     (a)      These  specifications  cover  three  classes  • 
of  billet  steel  concrete  reinforcement  bars,  namely:    plain,  deformed 
and  cold-twisted. 

(b)  Plain  and  deformed  bars  are  of  three  grades,  namely: 
structural  steel,  intermediate  and  hard. 

2.  Basis  of  Purchase,  (a)  The  structural  steel  grade  shall  be 
used  unless  otherwise  specified. 

(6)  If  desired,  cold-twisted  bars  may  be  purchased  on  the 
basis  of  tests  of  the  hot-rolled  bars  before  twisting,  in  which  case 
such  tests  shall  govern  and  shall  conform  to  the  requirements 
specified  for  plain  bars  of  structural  steel  grade. 

I.     MANUFACTURE 

3.  Process,  (a)  The  steel  may  be  made  by  the  bessemer-or 
the  open-hearth  process. 
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(6)  The  bars  shall  be  rolled  from  new  billets.  No  rerolled 
material  will  be  accepted. 

4.  Cold-twisted  Bars.  Cold-twisted  bars  shall  be  twisted  cold 
with  one  complete  twist  in  a  length  not  over  12  times  the  thickness 
of  the  bar. 

II.  CHEMICAL  PROPERTIES  AND  TESTS 

5.  Chemical  Composition.  The  steel  shall  conform  to  the  following 
requirements  as  to  chemical  composition: 

fBessemer not  over  0.10  per  cent 

Phosphorus <  ^         ,         ,  ,.       ..     ^  ^,    ., 

lOpen-hearth "       "     0.05    " 

6.  Ladle  Analyses.  An  analysis  of  each  melt  of  steel  shall  be  made 
by  the  manufacturer  to  determine  the  percentages  of  carbon, 
manganese,  phosphorus  and  sulphur.  This  analysis  shall  be  made 
from  a  test  ingot  taken  during  the  pouring  of  the  melt.  The  chemical 
composition  thus  determined  shall  be  reported  to  the  purchaser  or 
his  representative,  and  shall  conform  to  the  requirements  specified 
in  sec.  5. 

7.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from 
finished  bars  representing  each  melt  of  open-hearth  steel,  and  each 
melt,  or  lot  of  ten  tons,  of  bessemer  steel.  The  phosphorus  content 
thus  determined  shall  not  exceed  that  specified  in  sec.  5  by  more  than 
25  per  cent. 

III.  PHYSICAL  PROPERTIES  AND  TESTS 

8.  Tension  Tests,  (a)  The  bars  shall  conform  to  the  following 
requirements  as  to  tensile  properties: 

Tensile  Properties 


Plain  Bare 


Deformed  Bare 


PT0i>ertie8 
Considered 


Structural-  Intcr- 
Steel  I  mediate 
Grade         Grade 


Hard 
Grade 


Tensile  strength, 
lb.  per  sq.  inch 

Yield  point,  min., 
lb.  per  sq.  inch 


55,000 

to 
70,000 

33,000 


70,000 

to 
85,000 


80,000 
min. 


40,000  50,000 


Structural- 
Steel 
Grade     ( 


Inter- 
mediate 
Grade 


Cold- 
twisted 
Hard  Bare 
Grade     I 


55,000 

to 
70,000 


70,000 

to 
85,000 


^'s'i^chS!  '^in  'l.400.000a  'l.SOO.OOOa  'l. 200.000a 

per  cent   tens.  str.     tens.  str.      tens.  str.     tens.  str. 

a  See  sec.  9. 


33,000         40,000 
1,250.000a  1,125,000a 


80,000 
min. 


50,000 
1,000,000a 


Recorded 
only 

55,000 


tens.  str.     tens.  str. 


CARNEGIE    STEEL    COMPANY 


(b)  The  yield  point  shall  be  determined  by  the  drop  of  the 
beam  of  the  testing  machine. 

9.  Modifications  in  Elongation,  (a)  For  plain  and  deformed  bars 
over  %  inch  in  thickness  or  diameter,  a  deduction  of  1  from  the 
percentages  of  elongation  specified  in  sec.  8  (a)  shall  be  made  for 
each  increase  of  }/$  inch  in  thickness  or  diameter  above  %  inch. 

(6)  For  plain  and  deformed  bars  under  Vie  inch  in  thickness 
or  diameter,  a  deduction  of  1  from  the  percentages  of  elongation 
specified  in  sec.  8  (a)  shall  be  made  for  each  decrease  of  Vie  inch 
in  thickness  or  diameter  below  %6  inch. 

10.  Bend  Tests.  The  test  specimen  shall  bend  cold  around  a  pin 
without  cracking  on  the  outside  of  the  bent  portion,  as  follows: 

Bend  Test  Requirements 


Thickness 

Plain  Bars 

Deformed  Bars 

Cold- 

Diameter 
of 
Bar 

Structural- 
Steel 
Grade 

Inter- 
mediate 
Grade 

Hard 
Grade 

Structural- 
Steel 
Grade 

Inter- 
mediate 
Grade 

Hard 
Grade 

twisted 
Bars 

Under  %  inch 

J^  inch 
or  over. . . . 

180  deg. 
d=t 

180  deg. 
d=t 

180  deg. 
d=2t 

90  deg. 
d=2t 

180  deg. 
d=3t 

90  deg. 
d=3t 

180  deg. 
d=t 

180  deg. 
d=2t 

180  deg. 
d=3t 

90  deg. 
d=3t 

180  deg. 
d=4t 

90  deg. 
d^4t 

ISO  deg. 
d=2t. 

180  deg. 
d=3t 

ExPLANATOKT  Note:  d  =  the  diameter  of  pin  about  which  the  specimen  is  bent; 
t  =  the  thickness  or  diameter  of  the  specimen. 

11.  Test  Specimens,  (a)  Tension-and  bend-test  specimens  for 
plain  and  deformed  bars  shall  be  taken  from  the  finished  bars,  and 
shall  be  of  the  full  thickness  or  diameter  of  bars  as  rolled;  except 
that  the  specimens  for  deformed  bars  may  be  machined  for  a 
length  of  at  least  9  inches,  if  deemed  necessary  by  the  manufacturer 
to  obtain  uniform  cross-section. 

(6)  Tension-and  bend-test  specimens  for  cold-twisted  bars 
shall  be  taken  from  the  finished  bars,  without  further  treatment; 
except  as  specified  in  sec.  2  (b). 

12.  Number  of  Tests,  (a)  One  tension-and  one  bend  test  shall 
be  made  from  each  melt  of  open-hearth  steel,  and  from  each  melt, 
or  lot  of  ten  tons,  of  bessemer  steel;  except  that  if  material  from 
one  melt  differs  %  inch  or  more  in  thickness  or  diameter,  one 
tension-and  one  bend  test  shall  be  made  from  both  the  thickest 
and  the  thinnest  material  rolled. 

(6)  If  any  test  specimen  shows  defective  machining  or  develops 
flaws,  it  may  be  discarded  and  another  specimen  substituted. 
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(c)  If  the  percentage  of  elongation  of  any  tension-test  specimen 
is  less  than  that  specified  in  sec.  8  (a)  and  any  part  of  the  fracture 
is  outside  the  middle  third  of  the  gage  length,  as  indicated  by 
scribe  scratches  marked  on  the  specimen  before  testing,  a  retest 
shall  be  allowed. 

IV.     PERMISSIBLE  VARIATIONS  IX  WEIGHT 

13.  Permissible  Variations.  The  weight  of  any  lot  of  bars  shall  not 
vary  more  than  5  per  cent  from  the  theoretical  weight  of  that  lot. 

y.      FINISH 

14.  Finish.  The  finished  bars  shall  be  free  from. injurious  defects 
and  shall  have  a  workmanlike  finish. 

VI.     INSPECTION  AND  REJECTION 

15.  Inspection.  The  inspector  representing  the  purchaser  shall 
have  free  entrj',  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The 
manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable 
facilities  to  satisfy  him  that  the  bars  are  being  furnished  in  accord- 
ance with  these  specifications.  All  tests  (except  check  analyses) 
and  inspection  shall  be  made  at  the  place  of  manufacture  prior 
to  shipment,  unless  otherwise  specified,  and  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

16.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection 
based  on  tests  made  in  accordance  with  sec.  7  shall  be  reported 
within  five  working  days  from  the  receipt  of  samples. 

(b)  Bars  which  show  injurious  defects  subsequent  to  their 
acceptance  at  the  manufacturer's  works  will  be  rejected,  and  the 
manufacturer  shall  be  notified. 

17.  Rehearing.  Samples  tested  in  accordance  with  sec.  7,  which 
represent  rejected  bars,  shall  be  preserved  for  two  weeks  from  the 
date  of  the  test  report.  In  case  of  dissatisfaction  with  the  results 
of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing 
within  that  time. 
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AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,     PA.,    U.    S.    A. 
AFFILIATED     WITH    THE 

International  Association  for  Testing  Materials 


STANDARD  SPECIFICATIONS 

FOR 

STRUCTURAL  STEEL  FOR  SHIPS 

Serial  Designation:  A12-16. 

These  specifications  are  issued  under  tlie  fixed  designation  A  12;  the  final 
number  indicates  the  year  of  original  issue  or,  in  the  case  of  revision,  the 
year  of  last  revision. 

Adopted,    1901;   Revised,    1909,    1913,    1914,    1916. 

Note  Adopted  June  26,  1918. 

In  view  of  the  abnormal  difficulty  in  obtaining  materials  in  time  of  war,  the  rejection  limits 
for  Sulphur  in  all  steels  and  for  Phosphorus  in  acid  steels  shall  be  raised  0.01  per  cent  above  the 
values  given  in  these  Specifications.  This  shall  be  effective  during  the  period  of  the  war  and 
until  otherwise  ordered  by  the  Society. 

I.     MANUFACTURE 

1.  Process.     The  Steel  shall  be  made  by  the  open-hearth  process. 

II.     CHEMICAL  PROPERTIES  AND  TESTS 

2.  Chemical  Composition.     The  steel  shall  Conform  to  the  following 

requirements  as  to  chemical  composition: 

("Acid uofc  over  0.06  per  cent 

Phosphorus<„     .  ..       ..     ^r,.    ..       .. 

iBasic 0.04 

Sulphur "       "     0.05    " 

3.  Ladle  Analyses.  An  analysis  of  each  melt  of  steel  shall  be  made 
by  the  manufacturer  to  determine  the  percentages  of  carbon, 
manganese,  phosphorus  and  sulphur.  This  analysis  shall  be  made 
from  a  test  ingot  taken  during  the  pouring  of  the  melt.  The  chemical 
composition  thus  determined  shall  be  reported  to  the  purchaser  or 
his  representative,  and  shall  conform  to  the  requirements  specified 
in  sec.  2. 
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4.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from 
finished  material  representing  each  melt.  The  phosphorus  and 
sulphur  content  thus  determined  shall  not  exceed  that  sj)ecified  in 
see.  2.  by  more  than  25  per  cent. 

III.     PHYSICAL  PROPERTIES  AND  TESTS 

5.  Tension  Teste,  (o)  The  material  shall  conform  to  the 
following  requirements  as  to  tensile  properties: 

Tensile  strength lb.  per  sq.  inch  58,000-68,000 

Yield  point,  min lb.  per  sq.  inch    0.5  tens.  str. 

Elongation  in  8  inches,  min per  cent      JLijOO.OOO 

See  sec.  6.  t^^s.  str. 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the 
beam  of  the  testing  machine. 


1* About  3 


Parallel  section^ 
!  not  less  than  9"! 


-5^ 


%*s  -  -1-'-  J<€tc.il/i  ■ 


18= 

Figure  1. 

6.  Modifications  in  Elongation,  (a)  For  material  Over*  %  inch 
in  thickness,  a  deduction  of  1  from  the  percentage  of  elongation 
specified  in  sec.  5  (a)  shall  be  made  for  each  increase  of  3^  inch 
in  thickness  above  ^  inch,  to  a  minimum  of  18  per  cent. 

(6)  For  material  J^  inch  or  under  in  thickness,  the  elongation 
shall  be  measured  on  a  gage  length  of  24  times  the  thickness  of 
the  specimen. 

7.  Bend  Tests.  The  test  Specimen  shall  bend  cold  through  180 
degrees  without  cracking  on  the  outside  of  the  bent  portion,  as 
follows:  For  material  %  inch  or  under  in  thickness,  around  a 
pin  the  diameter  of  which  is  equal  to  the  thickness  of  the  specimen; 
for  material  over  ^  inch  to  and  including  IJ^  inch  in  thickness, 
around  a  pin  the  diameter  of  which  is  equal  to  IJ^  times  the  thick- 
ness of  the  specimen;  and  for  material  over  1J4  inch  in  thickness, 
around  a  pin  the  diameter  of  which  is  equal  to  twice  the  thickness 
of  the  specimen. 
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8.  Test  Specimens,  (a)  Tension-and  bend-test  specimens  shall 
be  taken  from  the  finished  rolled  material,  and  shall  not  be  annealed 
or  otherwise  treated,  except  as  specified  in  par.  (6). 

(6)  Tension-and  bend-test  specimens  for  material  which  is 
to  be  annealed  or  otherwise  treated  before  uee,  shall  be  cut  from 
properly  annealed  or  similarly  treated  short  lengths  of  the  full 
section  of  the  piece. 

(c)  Tension-and  bend-test  specimens,  except  as  specified  in 
par.  (d),  shall  be  of  the  full  thickness  of  material  as  rolled;  and 
may  be  machined  to  the  form  and  dimensions  shown  in  fig.  1,  or 
with  both  edges  parallel. 

(d)  Tension-and  bend-test  specimens  for  plates  and  bars  over 
1 3^  inch  in  thickness  or  diameter  may  be  machined  to  a  thickness 
or  diameter  of  at  least  ^  inch  for  a  length  of  at  least  9  inches. 

9.  Number  of  Tests,  (a)  One  tension-and  one  bend  test  shall 
be  made  from  each  melt;  except  that  if  material  frona  one  melt 
differs  ^  inch  or  more  in  thickness,  one  tension-and  one  bend  test 
shall  be  made  from  both  the  thickest  and  the  thinnest  material 
rolled. 

(b)  If  any  test  specimen  shows  defective  machining  or  develops 
flaws,  it  may  be  discarded  and  another  specimen  substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension-test  specimen 
is  less  than  that  specified  in  sec.  5  (a)  and  any  part  of  the  fracture 
is  outside  the  middle  third  of  the  gage  length,  as  indicated  by 
scribe  scratches  marked  on  the  specimen  before  testing,  a  retest 
shall  be  allowed. 


IV.     PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  THICKNESS 

10.  Permissible  Variations.  The  cross-section  or  weight  of  each 
piece  of  steel  shall  not  vary  more  than  2.5  per  cent  from  that 
specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  permissible  variations.  One  cubic  inch 
of  rolled  steel  is  assumed  to  weigh  0.2833  poimd. 

(a)      When  Ordered  to  Weight  per  Square  Foot: — 

The  weight  of  each  lot^  in  each  shipment  shall  not  vary  from  the 
weight  ordered  more  than  the  amoimt  given  in  Table  I. 

iThe  term  "lot"  applied  to  Table  I  means  all  of  the  platea  of  each  group  width  and  group  weight. 
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TABLE  I. 


-PERMISSIBLE   VARIATIONS  OF  PLATES 
ORDERED  TO  WEIGHT 


Permissible  Varutions  nj  Average  Weights 
PER  Square  Foot  of  Plates  for  Widths  Given, 
Expressed  in  Percentages  of  Ordered  Weights 


Ordered 

Weipht, 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

Pounds 

Under 

to 

to 

to 

to 

to 

to 

to 

per 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

or 

Square  Foot 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

over 

^ 

^ 

^ 

Si 

■o 

fn 

T3 

tr> 

-n 

fn 

Si 

■n 

ki 

■n 

Si 

-a 

t.. 

T3 

ki 

-o 

6 

a 

> 

> 

t) 

6 

IJ 

o 

UJ 

o 

P 

o 

P 

O 

P 

o 

P 

o 

p 

o 

P 

Under  5 

5 

3 

5  5 

3 

6 

3 

7 

3 

5     to    7.5  excl. 

4  5 

3 

5 

3 

5.53 

fi 

3 

7  5  to  10 

4 
3.5 

3 

2.5 

4.5 
4 

3 

3 

5 
4.5 

3 
3 

5.5 
5 

3 
3 

6 
5.5 

3 
3 

7 
0 

3 
3 

8 
7 

3 
3 

10      to  12.5     " 

8 

3 

9 

3 

12.5  to  15 

3 

2.5 

3.5 

2..5I4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

7 

3 

8 

3 

15      to  17.5     " 

2.5 

2.5 

3 

2.5J3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

7 

3 

17.5  to  20 

2.5 

2 

2.5 

2.5  3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

«i 

3 

20      to  25 

2 

2 

2.5 

2     2.5 

2.5 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

.5.5 

3 

25      lo  30 

2 

2 

2 

2     2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

3 

4 

3 

4.5 

3 

5 

3 

30      to  40 

2 

2 

2 

2      2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

3 

4 

3 

4.5 

3 

40  or  over 

2     2 

2 

2      2 

2 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5J3 

4 

3 

Note. — The  weight  per  square  foot  of  individual  plates  shall  not  vary  from  the  ordered  weight 
by  more  than  lYz  times  the  amount  given  in  this  table. 

(6)      When   Ordered  to  Thickness: — 

The  thickness  of  each  plate  shall  not  varj'  more  than  0.01  inch 

under  that  ordered. 
The  overweight  of  each  lot^  in  each  shipment  shall  not  exceed  the 

amount  given  in  Table  II. 

TABLE  II.— PERMISSIBLE   OVERWEIGHTS  OF  PLATES 
ORDERED   TO   THICKNESS 


Permissible  Excess  in  Average  Weights 

PER 

Square 

Foot  op  Plates 

FOR  Widths  Given 

Expressed  in  Percentages 

OF  Nominal  Weights 

Ordered 

1 

Thickness, 

Inches 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

. 

Under 

to 

to 

to 

to 

to 

to 

to 

132  in. 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

or 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

over 

Under  \n 

9 

10 

12 

14 

%   to  %6  excl .  .  .  . 

8 

9 

10 

12 

9^6  to  y*     '•   .... 

7 

8 

9 

10 

12 

Vt   to  %a    "    ...  . 

6 

7 

8 

9 

10 

12 

14 

16 

19 

6/i«  to  %       "     

5 

6 

7 

8 

9 

10 

12 

14 

17 

%   to  %a    "    . .  .  . 

4.5 

5 

6 

7 

8 

9 

10 

12 

15 

'•Aa  to  Mi      "    

4 

4.5 

5 

6 

7 

8 

9 

10 

13 

%   to  %      "    

3.5 

4 

4.5 

5 

6 

7 

8 

9 

11 

%   to  %      "    . .  .  . 

3 

3.5 

4 

4.5 

5 

6 

7 

8 

9 

%   to  1       "    

2.5 

3 

3.5 

4 

4.5 

5 

6 

7 

8 

1  or  over 

2.5 

2.5 

3 

3.5 

4 

4.5 

5 

6 

7 

2The  term  "lot"  applied  to  Table  II  means  all  of  the  plates  of  each  group  width  and  group  thickness. 
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V.     FINISH 

11.     Finish.     The  finished  material  shall  be  free  from  injurious 
defects  and  shall  have  a  workmanlike  finish. 


VI.     MARKING 

12.  Marking.  The  name  or  brand  of  the  manufacturer  and  the 
melt  number  shall  be  legibly  rolled  or  stamped  on  all  finished 
material.  The  melt  number  shall  be  legibly  stamped  on  each  test 
specimen. 

VII.     INSPECTION  AND  REJECTION 

13.  Inspection.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered. 
The  manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reason- 
able facilities  to  satisfy  him  that  the  material  is  being  furnished  in 
accordance  with  these  specifications.  All  tests  (except  check 
analyses)  and  inspection  shall  be  made  at  the  place  of  manufacture 
prior  to  shipment,  unless  otherwise  specified,  and  shall  be  so  con- 
ducted as  not  to  interfere  unnecessarily  with  the  operation  of  the 
works. 

14.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection 
based  on  tests  made  in  accordance  with  sec.  4  shall  be  reported 
within  five  working  days  from  the  receipt  of  samples. 

(b)  Material  which  shows  injurious  defects  subsequent  to  its 
acceptance  at  the  manufacturer's  works  will  be  rejected,  and  the 
manufacturer  shall  be  notified. 

15.^  Rehearing:.  Samples  tested  in  accordance  with  sec.  4,  which 
represent  rejected  material,  shall  be  preserved  for  two  weeks  from 
the  date  of  the  test  report.  In  case  of  dissatisfaction  with  the 
results  of  the  tests,  the  manufacturer  may  make  claim  for  a  re- 
hearing within  that  time. 
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AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,     PA.,    U.    S.    A. 

AFFILIATED     WITH     THE 

International  Association  for  Testing  Materials 


STANDARD  SPECIFICATIONS 

FOR 

RIVET    STEEL    FOR    SHIPS 

Serial  Designation:  A13-14. 

These  specifications  are  issued  under  the  fixed  designation  A  13;  the  final 
number  indicates  the  year  of  original  issue  or,  in  the  case  of  revision,  the 
year  of  last  revision. 

Adopted,   1901;  Revised,   1909,   1913,   1914. 

Note  Adopted  June  20,   1918. 

In  view  of  the  abnormal  difficulty  in  obtaining  materials  in  time  of  war,  the  rejection  limits 
for  Sulphur  in  all  steels  and  for  Phosphorus  in  acid  steels  shall  be  raised  0.01  per  cent  above  the 
values  given  in  these  Specifications.  This  shall  be  effective  during  the  period  of  the  war  and 
until  otherwise  ordered  by  the  Society. 

A.     Requirements  for  Rolled  Bars. 
I.     MANUFACTURE 

1.  Process.     The  steel  shall  be  made  by  the  open-hearth  process. 

II.     CHEMICAL  PROPERTIES  AND  TESTS 

2.  Chemical  Composition.  The  Steel  shall  conform  to  the  follow- 
ing requirements  as  to  chemical  composition : 

„,        ,  [Acid not  over  0.00  per  cent 

Phosphorus:^ 

[Basic "       "     0.04    " 

Sulphur "       "     0.045  " 

3.  Ladle  Analyses.  An  analysis  of  each  melt  of  steel  shall  be  made 
by  the  manufacturer  to  determine  the  percentages  of  carbon, 
manganese,  phosphorus  and  sulphur.  This  analysis  shall  be  made 
from  a  test  ingot  taken  during  the  pouring  of  the  melt.    The  chemical 
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composition  thus  determined  shall  be  reported  to  the  purchaser  or 
his  representative,  and  shall  conform  to  the  requirements  specified 
in  sec.  2. 

4.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from 
finished  bars  representing  each  melt.  The  phosphorus  and  sulphur 
content  thus  determined  shall  not  exceed  that  specified  in  sec.  2  by 
more  than  25  per  cent. 

III.     PHYSICAL  PROPERTIES  AND  TESTS 

5.  Tension  Tests,  (a)  The  bars  shall  conform  to  the  following 
requirements  as  to  tensile  properties: 

Tensile  strength lb.  per  sq.  inch  55,000-65,000 

Y'ield  point,  min lb.  per  sq.  inch    0.5  tens.  str. 

Elongation  in  8  inches,  min per  cent       1.500,000 


See  sec.  6. 


tens.  str. 


(6)  The  yield  point  shall  be  determined  by  the  drop  of  the 
beam  of  the  testing  machine. 

6.  Modifications  in  Elongation.  For  bars  over  %  inch  in  diameter, 
a  deduction  of  1  from  the  percentage  of  elongation  specified  in 
sec.  5  (a)  shall  be  made  for  each  increase  of  3^  inch  in  diameter 
above  %  inch. 

7.  Bend  Tests.  The  test  specimen  shall  bend  cold  through  180 
degrees  flat  on  itself  without  cracking  on  the  outside  of  the  bent 
portion. 

8.  Test  Specimens.  Tension-and  bend-test  specimens  shall  be  of 
the  full-size  section  of  bars  as  rolled. 

9.  Number  of  Tests,  (a)  Two  tension-and  two  bend  tests  shall 
be  made  from  each  melt,  each  of  which  shall  conform  to  the  require- 
ments specified;  except  that  if  bars  frorn  one  melt  differ  ^^  inch  or 
more  in  diameter,  one  tension-and  one  bend  test  shall  be  made  from 
both  the  greatest  and  the  least  diameters  rolled. 

(5)  If  any  test  specimen  develops  flaws,  it  may  be  discarded 
and  another  specimen  substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension-test  specimen 
is  less  than  that  specified  in  sec.  5  (a)  and  any  part  of  the  fracture 
is  outside  the  middle  third  of  the  gage  length,  as  indicated  by 
scribe  scratches  marked  on  the  specimen  before  testing,  a  ret  est 
shall  be  allowed. 
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IV.     PERMISSIBLE  VARIATIONS  IN  GAGE 

10.  Permissible  Variations.  The  gage  of  bars  1  inch  or  under  in 
diameter  shall  not  vary  more  than  0.01  inch  from  that  specified; 
the  gage  bars  over  1  inch  to  and  including  2  inches  in  diameter 
shall  not  vary  more  than  %4  inch  under  nor  more  than  %2  inch  over 
that  specified. 

V.     FINISH 

11.  Finish.  The  finished  bars  shall  be  free  from  injurious 
defects  and  shall  have  a  workmanlike  finish. 


VI.     MARKING 

12.  Marking.  Rivet  bars  shall,  when  loaded  for  shipment,  b' 
properly  separated  and  marked  with  the  name  or  brand  of  the 
manufacturer  and  the  melt  number  for  identification.  The  me). 
number  shall  be  legibly  marked  on  each  test  specimen. 

VII.     INSPECTION  AND  REJECTION 

13.  Inspection.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  bars  ordered.  The 
manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable 
facilities  to  satisfy  him  that  the'  bars  are  being  furnished  in  accord- 
ance with  these  specifications.  All  tests  (except  check  analyses) 
and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to 
shipment,  unless  otherwise  specified,  and  shall  be  so  conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 

14.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection 
based  on  tests  made  in  accordance  with  sec.  4  shall  be  reported 
within  five  working  days  from  the  receipt  of  samples. 

(6)  Bars  which  show  injurious  defects  subsequent  to  their 
acceptance  at  the  manufacturer's  works  will  be  rejected,  and  the 
manufacturer  shall  be  notified. 

15.  Rehearing.  Samples  tested  in  accordance  with  sec.  4,  which 
represent  rejected  bars,  shall  be  preserved  for  two  weeks  from  the 
date  of  the  test  report.  In  case  of  dissatisfaction  with  the  results 
of  the  tests,  the  manufacturer  may  make  claim  for  a  rehearing 
within  that  time. 
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B.     Requirements  for  Rivets. 

I.     PHYSICAL  PROPERTIES  AND  TESTS 

16.  Test  Certificate  of  Rolled  Bars.  A  copy  of  the  results  of  tension 
tests  of  the  rolled  bars  from  which  the  rivets  were  made  shall  be 
furnished  for  each  lot  of  rivets. 

17.  Tension  Tests.  If  the  test  certificate  required  in  sec.  16  can- 
not be  furnished,  the  rivets  shall  conform  to  the  requirements  as 
to  tensile  properties  specified  in  sees.  5  and  6,  except  that  the 
elongation  shall  be  measured  on  a  gage  length  as  great  as  the 
length  of  the  rivets  tested  will  permit. 

18.  Bend  Tests.  The  rivet  shank  shall  bend  cold  through  ISO 
degrees  flat  on  itself,  as  shown  in  fig.  1,  without  cracking  on  the 
outside  of  the  bent  portion. 


Figure  1.  Figure  2. 

19.  Flattening  Tests.     The  rivet  head  shall  flatten,  while  hot,  to  a 

diameter  2^  times  the  diameter  of  the  shank,  as  shown  in  fig.  2, 
without  cracking  at  the  edges. 

20.  Number  of  Tests,  (o)  When  required  in  accordance  with 
sec.  17,  one  tension  test  shall  be  made  from  each  size  in  each  lot 
of  rivets  offered  for  inspection. 

(fe)  Three  bend-and  three  flattening  tests  shall  be  made  from 
each  size  in  each  lot  of  rivets  offered  for  inspection,  each  of  which 
shall  conform  to  the  requirements  specified. 

II.     WORKMANSHIP  AND  FINISH 

21.  Workmanship.  The  rivets  shall  be  true  to  form,  concentric, 
and  shall  be  made  in  a  workmanlike  manner. 

22.  Finish.  The  finished  rivets  shall  be  free  from  injurious 
defects. 
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m.     INSPECTION  AND   REJECTION 

23.  Inspection.  The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  rivets  ordered.  The 
manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable 
faciUties  to  satisfy  him  that  the  rivets  are  being  furnished  in  accord- 
ance with  these  specifications.  All  tests  and  inspection  shall  be 
made  at  the  place  of  manufacture  prior  to  shipment,  unless  other- 
wise specified,  and  shall  be  so  conducted  as  not  to  interfere  unneces- 
sarily with  the  operation  of  the  works. 

24.  Rejection.  Rivets  which  show  injurious  defects  subsequent 
to  their  acceptance  at  the  manufacturer's  works  will  be  rejected, 
and  the  manufacturer  shall  be  notified. 
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AMERICAN  SOCIETY  FOR  TESTING  MATERIALS 

PHILADELPHIA,     PA.,     U.    S.    A. 
AFFILIATED,    WITH     THE 

International  Association  for  Testing  Materials 


STANDARD  SPECIFICATIONS 

FOR 

STRUCTURAL  STEEL  FOR  CARS 

Serial  Designation:  All-16. 

These  specifications  are  issued  under  the  fixed  designation  A  11;  the  final 
number  indicates  the  year  of  original  issue  or,  in  the  case  of  revision,  the 
year  of  last  revision. 

Adopted,   1914;   Revised,  1916. 

Note  Adopted  June  26,  1918. 

In  view  of  the  abnormal  difficulty  in  obtaining  materials  in  time  of  war,  the  rejection  limits 
for  Sulphur  in  all  steels  and  for  Phosphorus  in  acid  steels  shall  be  raised  0.01  per  cent  above  the 
values  given  in  these  Specifications.  This  shall  be  effective  during  the  period  of  the  war  and 
until  otherwise  ordered  by  the  Society. 

1.  Material  Covered.  These  specifications  apply  to  shapes,  plates 
and  bars  over  }4  inch  in  thickness. 

I.      MANUFACTURE 

2.  Process.     The  steel  shall  be  made  by  the  open-hearth  process. 

II.      CHEMICAL  PROPERTIES   AND   TESTS 

3.  Chemical  Composition.  The  steel  shall  conform  to  the  following 
requirements  as  to  chemical  composition: 

Structural  Steel  and 

Plates  for  Cold  Pressing  Rivet  Steel 

„,        ,  fAcid not  over  0.06  per  cent  not  over  0.04  per  cent 

Phosphorus  < 

[Basic "       "      0.04    "      "  "       "     0.04    " 

Sulphur "        "      0.05    "       "  "       "     0.045" 
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4.  Ladle  Analyses.  An  analysis  of  each  melt  of  steel  shall  be  made 
by  the  manufacturer  to  determine  the  percentages  of.  carbon, 
manganese,  phosphorus  and  sulphur.  This  analysis  shall  be  made 
from  a  test  ingot  taken  during  the  pouring  of  the  melt.  The  chemical 
composition  thus  determined  shall  be  reported  to  the  purchaser  or 
his  representative,  and  shall  conform  to  the  requirements  specified 
in  sec.  3. 

5.  Check  Analyses.  Analyses  may  be  made  by  the  purchaser  from 
finished  material  representing  each  melt.  The  phosphorus  and 
sulphur  content  thus  determined  shall  not  exceed  that  specified  in 
sec.  3  by  more  than  25  per  cent. 


III.     PHYSICAL  PROPERTIES  AND  TESTS 

6.     Tension  Tests,      (a)      The     material     shall     conform     to 
following  requirements  as  to  tensile  properties: 


the 


Properties  Considered 


!      Structural 
I  Steel 


Tensile  strength .  .  .  .lb.  per  sq.  inch  .50,000-65,000 
Yield  point,  min  ...  lb.  per  sq.  inch 
Elongation  in  8  in.,  min.,  per  centi 


0.5  tens.  str. 
1,500,000 


tens.  str. 


Rivet 
Steel 


Plates  for 
Cold  Pressing 


45,000-60,000 

0.5  tens.  str. 
1,500,000 


48,000-58,000 

0.5  tens.  str. 
1, .500,000 
tens.  str. 


1  See  sec.  7. 

(b)  The  yield  point  shall  be  determined  by  the  drop  of  the 
beam  of  the  testing  machine. 

7.  Modifications  in  Elongation,  (a)  For  material  over  ^  inch 
in  thickness,  a  deduction  of  1  from  the  percentage  of  elongation 
specified  in  sec.  6  (a)  shall  be  made  for  each  increase  of  3^  inch  in 
thickness  above  %  inch,  to  a  minimum  of  18  per  cent. 

(6)  For  material  under  Yie  inch  in  thickness,  a  deduction  of 
2.5  from  the  percentage  of  elongation  in  8  inche's  specified  in  sec. 
6  (a)  shall  be  made  for  each  decrease  of  Vie  inch  in  thickness  below 
%6  inch. 

8.  Bend  Tests,  (a)  The  test  specimen  for  structural  steel  shall 
bend  cold  through  180  degrees  without  cracking  on  the  outside  of  the 
bent  portion,  as  follows:  For  material  ^  inch  or  under  in  thickness, 
flat  on  itself;  for  material  over  ^i  inch  to  and  including  1 J^  inch  in 
thickness,  around  a  pin  the  diameter  of  which  is  equal  to  the 
thickness  of  the  specimen;  and  for  material  over  IJ^  inch  in  thick- 
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ness,  around  a  pin  the  diameter  of  which  is  equal  to  twice  the 
thickness  of  the  specimen. 

(b)  The  test  specimen  for  rivet  steel  and  plates  for  cold 
pressing  shall  bend  cold  through  180  degrees  flat  on  itself  without 
cracking  on  the  outside  of  the  bent  portion. 

9.  Test  Specimens,  (a)  Tension-and  bend-test  specimens  shall 
be  taken  from  the  finished  rolled  material. 

(b)  Tension-and  bend-test  specimens,  except  as  specified  in 
par.  (c),  shall  be  of  the  full  thickness  of  material  as  rolled;  and 
may  be  machined  to  the  form  and  dimensions  shown  in  fig.  1,  or 
with  both  edges  parallel. 

(c)  Tension-and  bend-test  specimens  for  plates  and  bars  over 
114  inch  in  thickness  or  diameter  may  be  machined  to  a  thickness 
or  diameter  of  at  least  %  inch  for  a  length  of  at  least  9  inches. 

10.  Number  of  Tests,  (a)  One  tension-and  one  bend  test  shall 
be  made  from  each  melt;  except  that  if  material  from  one  melt 
differs  %  inch  or  more  in  thickness,  one  tension-and  one  bend  test 
shall  be  made  from  both  the  thickest  and  the  thinnest  material 
rolled.  Shapes  less  than  1  sq.  inch  in  section,  and  bars,  except 
rivet  rods,  less  than  V2  sq.  inch  in  section,  need  not  be  subjected 
to  a  tension  test. 


^Parallel  section, 
not  less  than  9  "I 


(b)  If  any  test  specimen  shows  defective  machining  or  develops 
flaws,  it  may  be  discarded  and  another  specimen  substituted. 

(c)  If  the  percentage  of  elongation  of  any  tension-test  specimen 
is  less  than  that  specified  in  sec.  6  (a)  and  any  part  of  the  fracture 
is  outside  the  middle  third  of  the  gage  length,  as  indicated  by 
scribe  scratches  marked  on  the  specimen  before  testing,  a  retest 
shall  be  allowed. 
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IV.     PERMISSIBLE  VARIATIONS  IN  WEIGHT  AND  THICKNESS, 

11.  Permissible  Variations.  The  cross-section  OP  weight  of  each 
piece  of  steel  shall  not  vary  more  than  2.5  per  cent  from  that 
specified;  except  in  the  case  of  sheared  plates,  which  shall  be 
covered  by  the  following  permissible  variations.  One  cubic  inch 
of  rolled  steel  is  assumed  to  weigh  0.2833  pound. 

(fl)       When  Ordered  to  Weight  per  Square  Foot : — 

The  weight  of  each  lot^  in  each  shipment  shall  not  vary  from  the 
weight  ordered  more  than  the  amount  given  in  Table  I. 


TABLE  I.— PERMISSIBLE   VARIATIONS  OP  PLATES 
ORDERED   TO  WEIGHT 


Permissible  V 

ARIATIONS  IN   AvERAGE   WEIGHTS 

PER  Square 

Foot  of  Plates  for  Widths  Given, 

E.XPRESSED  IN  Percentages 

OF  Ordered  Weights 

Ordered 

Weight, 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

Pounds 

Under 

to 

to 

to 

to 

to 

0 

to 

or 

o      P^^T. 

48  in. 

60  in. 

72  in. 

84  in. 

96  in. 

108  in. 

120  in. 

132  in. 

over 

Square  Foot 

exel. 

excl. 

excl. 

excl. 

excl. 

excl. 

excl. 

Ui 

^ 

^ 

I-  ■ 

^ 

t~4 

J; 

I. 

Oj 

h 

fc 

ft 

ft 

ft 

%^ 

fcrf 

Tl 

ft 

T3 

6 

a 

a 

a 

> 

a 

> 

> 

> 

6 

U> 

Cj 

6 

'^ 

o 

tJ 

o 

P 

6 

t3 

o 

l-J 

a 

t3 

o 

& 

Under  5 

5 

3 

5  5 

3 

6 

3 

7 

3 

4.5 

4 

3 

3 

5 

4  5 

3 
3 

5.5 
5 

3 
3 

G 
5  5 

3 
3 

7.5  to  10 

0 

3 

7 

3 

s 

3 

10     to  12.5     " 

:i.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

6 

3 

7 

3 

8 

3 

9 

3 

12.5  to  15 

.i 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

0 

3 

7 

3 

8 

3 

15      to  17.5     " 

2.5 

2.5 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

0 

3 

7 

3 

17.5  to  20 

2.52 

2.5 

2.5 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

(> 

3 

20      to  25 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

2.5 

4 

3 

4.5 

3 

5 

3 

5.5 

3 

25      to  30 

2 

2 

') 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

3 

4 

3 

4.5 

3 

5 

3 

30      to  40 

o 

2 

2 

2 

2 

2 

2.5 

2 

2.5 

2.5 

3 

2.5 

3.5 

3 

4 

3 

4.5 

3 

40  or  over 

2 

2 

2     2 

2 

^ 

2 

2 

2.5 

2 

2.6 

2.53 

2.5 

3.5 

3 

4 

3 

Note. — The  weight  per  square  foot  of  individual  plates  shall  not  vary  from  the  ordered  weight 
by  more  than  lYs  times  the  amount  given  in  this  table. 


(b)      When  Ordered  to  Thickness: — 

The  thickness  of  each  plate  shall  not  vary  more  than  0.01   inch 
under  that  ordered. 

The  overweight  of  each  lot-  in  each  shipment  shall  not  exceed  the 
amount  given  in  Table  II. 


iThe  term  'lot"  applied  to  Table  I  means  all  of  the  plates  of  each  group  width  and  group  weight. 
2The  term  '  'lot"  applied  to  Table  II  means  all  of  the  plates  of  each  group  width  and  group  thickness. 
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TABLE   II.— PERMISSIBLE   OVERWEIGHTS  OF  PLATES 
ORDERED   TO   THICKNESS 

Ordered 

Thickness, 

Inches 

Permissible  Excess  in  Average  Weights 
PER  Square  Foot  op  Plates  for  Widths  Given, 
Expressed  in  Percentages  op  Nominal  Weights 

Under 
48  in. 

48  in. 

to 
60  in. 
excl. 

60  in. 

to 
72  in. 
e.xcl. 

72  in. 

to 
84  in. 
e.xcl. 

8-1  in. 

to 
96  in. 
excl. 

96  in. 

to 
108  in. 
excl. 

108  in. 

to 
120  in. 
excl. 

120  in. 

to 
132  in. 
excl. 

132  in. 

or 

over 

Under  Vs 

Vs   to  %e  excl .  .  . 
sAato  Vi      "... 
Vi  to%o    "... 

%6tO   %         "... 

%  to  tAb    "... 
^Aeto  V2      "... 
Vs  to  %      "    .... 
%   to  %      "    .  . .  . 

%  to  1       "    

1  or  over 

9 

8 

7 

6 

5 

4.5 

4 

3.5 

3 

2.5 

2.5 

10 
9 
8 
7 
6 
5 

4.5 
4 

3.5 
3 
2.5 

12 
10 

9 

8 

7 

6 

5 

4.5 

4 

3.5 

3 

14 
12 
10 

9 

8 

7 

6 

5 

4.5 

4 

3.5 

12" 
10 

9 

8 

7 

6 

5 

4.5 

4 

12" 
10 

9 

8 

7 

6 

5 

4.5 

'  ii' 

12 

10 

9 

8 
7 
6 
5 

ie' 

14 

12 

10 

9 

8 
7 
6 

19 

17 

15 

13 

11 

9 

8 

7 

V.     FINISH 

12.  Finish.     The  finished  material  shal]  be  free  from  injurious 
defects  and  shall  have  a  workmanlike  finish. 

VI.     MARKING 

13.  Marking.     The  name  or  brand  of  the  manufacturer  and  the 
melt  number  shall  be  legibly  rolled  or  stamped   on  all   finished 
material,  except  that  rivet  bars  and  other  small  sections  shall,  when 
loaded  for  shipment,  be  properly  separated  and  marked  for  identi- 
fication.    The  melt  number  shall  be  legibly  marked,  by  stamping, 
if  practicable,  on  each  test  specimen. 

VII.     INSPECTION  AND  REJECTION 

14.  Inspection.     The  inspector  representing  the  purchaser  shall 
have  free  entry,  at  all  times  while  work  on  the  contract  of  the 
purchaser  is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered.     The 
manufacturer  shall  afford  the  inspector,  free  of  cost,  all  reasonable 
facilities  to  satisfy  him  that  the  material  is  being  furnished  in  accord- 
ance with  these  specifications.     All  tests  (except  check  analyses) 
and  inspection  shall  be  made  at  the  place  of  manufacture  prior  to 
shipment,  unless  otherwise  specified,   and    shall   be   so    conducted 
as  not  to  interfere  unnecessarily  with  the  operation  of  the  works. 
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15.  Rejection,  (a)  Unless  otherwise  specified,  any  rejection 
based  on  tests  made  in  accordance  with  sec.  5  shall  be  reported 
within  five  working  days  from  the  receipt  of  samples. 

(6)  Material  which  shows  injurious  defects  subsequent  to  its 
acceptance  at  the  manufacturer's  works  will  be  rejected,  and  the 
manufacturer  shall  be  notified. 

16.  Rehearing.  Samples  tested  in  accordance  with  sec.  5,  which 
represent  rejected  material,  shall  be  preserved  for  two  weeks  from 
the  date  of  the  test  report.  In  case  of  dissatisfaction  with  the 
results  of  the  tests,  the  manufacturer  may  make  claim  for  a  re- 
hearing within  that  time. 
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ORDERING  MATERIAL 

General  Instructions 

Structural  steel  for  bridges,  buildings,  cars  and  ships,  steel 
reinforcement  bars  and  rivet  steel  are  rolled  to  permissible  variations 
given  in  the  specifications  of  the  American  Society  for  Testing 
Materials  and  of  the  Association  of  American  Steel  Manufacturers. 
In  cases  of  design  which  require  close  fitting,  allowance  should  be 
made  for  rolling  variations  so  as  to  insure  ample  clearances  between 
abutting  or  interfitting  surfaces. 

All  dimensions  given  on  profiles  are  theoretical.  The  exact 
dimensions  of  actual  sections  depend  on  conditions  of  rolls  at  time 
of  manufacture. 

Wherever  the  profile  applies  to  more  than  one  weight  of  section, 
the  dimensions  are  for  the  normal  profile,  which  is  the  section  of 
minimum  thickness  imless  otherwise  indicated  in  bold  tjiae.  Sections 
having  but  one  weight  specified  can  be  rolled  only  to  the  weight 
given. 

Weights  of  rails  are  given  per  lineal  yard  of  section  but,  unless 
otherwise  indicated,  all  other  weights  are  per  lineal  foot.  Structural 
Sections  should  be  ordered  to  weight  per  foot,  length  in  feet  and 
inches.  Orders  for  Plates  should  specify  all  dimensions  in  inches. 
Orders  for  Rounds,  Squares  and  other  bar  mill  products  should 
specify  width  and  thickness  in  inches  and  length  in  feet  and  inches. 
Rails,  Ties  and  other  track  accessories  should  be  ordered  bj'  section 
number  and  not  by  weight  per  foot. 

Section  number  should  be  specified  on  orders  for  all  sections. 

The  Association  of  American  Steel  Manufacturers  has  recom- 
mended certain  angle  sections  as  standard  for  bridge,  car,  ship  and 
general  building  construction,  and  quicker  deliveries  can  be  obtained 
by  ordering  these  standard  sizes.  Angles  not  standard  are  marked 
"special"  on  the  profile  pages. 
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^■A^A^^^^^'^'^'v^\^'\A^^^w^w,^^^^^^^^^^\\\\\^\^\\\^\^^\\\\\\\\\\\\\\TOS^ 


xxmsmm\vvm\\\\mmmv\mmm\\xmmmv\m^^^^^^^ 


The  above  flgures  show  the  method  of  increasing  the  sectional  areas  and 
weights  of  structural  shapes.  Cross  hatched  portions  represent  the  minimum 
sections  and  the  blank  portions  the  added  areas. 

In  the  case  of  Channels,  and  I-Beams  the  enlargement  of  the  section  adds 
an  equal  amoxmt  to  the  thickness  of  the  web  and  the  width  of  the  flanges. 
In  the  case  of  Angles  and  Zees,  the  effect  of  spreading  the  rolls  is  slightly 
to  increase  the  length  of  the  legs.  In  the  case  of  Ship  Building  Bulb  Angles, 
as  a  rule,  each  increase  or  decrease  in  web  thickness  carries  with  it  about 
one-half  that  increase  or  decrease  in  flange  tliickness. 

Inasmuch  as  the  roll  passes  are  modified '  in  the  wear  of  the  rolls,  the 
actual  dimensions  will  not  always  conform  to  the  theoretical,  even  in  the 
case  of  the  minimum  weight  sections.  Designers  and  detailers  of  structural 
work  should  arrange  for  ample  clearances. 
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BEAMS  AND  CHANNELS— Common  Dimensions 


STRUCTURAL  BEAMS 
American  Standard  Sections 


MINIMUM   sections: 

n^nninimum  web=t 

R=minimum  web  +  0.10" 
r==^lo  minimum  web 
Slope  of  Flange,  1:6=16%%=9°  27'  44" 

STRUCTURAL  CHANNELS 
American  Standard  Sections 


-It 


minimum  sections: 

n  :^TniDimum  web  =t 
R=mimmum  web  +  0.10" 
=%o  minimum  web 
Slope  of  Flange,  1:6=1 6%%  =  9°  27'  44" 

SHIP  BUILDING  CHANNELS 
American  Standard  Sections 


n=  to— 0.03492a 

R=t2 

Slope  of  Flan{;e=2°=3.492% 

Dimensions  for  Structiiral  Beams  are  those  adopted  by  the  Association  of 
American  Steel  Manufacturers  and  apply  to  all  Structural  Beams,  except 
American  Standard  Sections  B  1,  B  2  and  B  3,  also  Sections  B  18  and  B  19. 

The  dimensions  of  the  Supplementary  Beams,  B  61  to  B  68,  inclusive, 
cannot  be  readily  reduced  to  formulas.     Slope  of  flange  is  1  :  11=5°  11'  40". 

Dimensions  for  Structural  Channels  are  those  adopted  by  the  Association 
of  American  Steel  Manufacturers  and  apply  to  all  Structural  Channels, 
except  Sections  C  20,  C  60  and  C  170. 

Dimensions  for  Ship  Building  Channels  are  those  adopted  by  the 
Association  of  American  Steel  Manufacturers  and  conform  to  the  1903 
Standards  of  the  British  Engineering  Standards  Association;  they  apply  to 
all  Ship  Building  Channels. 
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STRUCTURAL  BEAMS 


0.115".:;.^ 


y, 4.238 


Section 
Index 


Depth  of 
Beam, 
Inches 


*B  61 


27 


Weight 
per  Foot, 
Pounds 


90.0 


Flange  Width, 
Inches 


Web  Thickness, 
Inches 


Decimal        Fractional        Decimal 


9.00 


0.524 


Fractional 


♦Supplementary  Beam. 
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STRUCTURAL  BEAMS— Continued 


Section 
Index 

Depth  of 
Beam, 
Inches 

Weight 
per  Foot, 
Pounds 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Decimal 

Fractional    |     Decimal 

Fractional 

B  18 
(Old  No.  B24) 

B    1 

24 
24 

115.0 
110.0 
105.9 

100.0 
95.0 
90.0 
85.0 
79.9 

7.987 
7.925 

7.875 

7.247 
7.186 
7.124 
7.063 
7.000 

76S/64 
75%l 

7-'s 

7Vi 
7%« 

7^8 

7i,ic 
7 

0.737 
0.675 
0.625 

0.747 
0.686 
0.624 
0.563 
0.500 

*%4 
% 
Si 

% 

BEAMS 


STRUCTURAL  BEAMS— Continued 


-9.00 


0.094-;'-; 

"JS^ 3.911^^^ >■ 


Section           °rP*!L°^          Weight 
Index               f^J°'           per  Font, 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

>                   Inches      i      Pounds 

[ 

Decimal        Fractional 

Decimal 

Fractional 

*B  62        1         24               74.2 
*B  63                21                60.4 

9.00 

8.25 

9 

8Vi 

0.476 
0.428 

1%2 

2%4 

♦Supplementary  Beam. 
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CARNEGIE    STEEL    COMPANY 


STRUCTURAL  BEAMS— Continued 


2S75"-4  g 


Section 

Depth  of 
Beam, 
Inches 

Weight 
per  F'oot, 
Pounds 

Flange  Width, 
Inches 

Web  Thicliness, 
Inches 

Decimal     |   Fractional 

Decimal 

Fractional 

B2 
B3 

20 
20 

100.0 
95.0 
90.0 
85.0 
81.4 

75.0 
70.0 
65.4 

7.273 
7.200 
7.126 
7.053 
7.000 

G.391 
6.317 
6.250 

71%+ 

71%4 

7V8 
7%,t 
7 

62%4 

6i/i 

0.873 
0.800 
0.726 
0.653 
0.600 

0.641 
0.567 
0.500 

Vs 
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BEAMS 


STRUCTURAL  BEAMS— Continued 


Section 

Depth  of 
Beam, 
Inches 

Weight 
per  Foot, 
Pounds 

Flange  Width,                    Web  Thickness, 
Inches                                  Inches 

Decimal        Fractional    1     Decimal 

Fractional 

B  19 
(Old  No.  B81) 

•  B    4 
(Old  No.  B80) 

*Bj54 

18 

18 
18 

90.0 
85.0 
80.0 
75.6 

70.0 
65.0 
60.0 

.54.7 

48.2 

7.236            7i%4 
7.154            7%2 
7.072            7%4 
7.000            7 

6.251             G'/t 
6.169            Gii/iii 
0.087             6%s 
6.000             6 

7.500      '      71/2 

0.796 
0.714 
0.632 
0..560 

0.711 
0.629 
0.547 
0.460 

0.380 

-'%2 

% 
% 

% 

♦Supplementary  Beam. 
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■r~ 


CARNEQIE   STEEL    COMPANY 


STRUCTURAL  BEAMS— Continued 

"^      t*S  son'/ 

B  G 


-11.749  -- 
i  0.590  ' 


0.590' 


B  7 


K 12.468  — 

I  V  0.410" 


0.5l"\ 


B  65 

-12.125-  — 

,0,3_32! 


1.4375 


..?, 


'.'0.30 


0.602 


Section 
Index 

Depth  of 
Beam, 
Inches 

Weight 
per  Foot, 
Pounds 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Decimal 

Fractional 

Decimal     j   Fractional 

B    6 
(Old  No.  B5) 

B    7 
*B  65 

15 

15 
15 

75.0 
70.0 
65.0 
60.8 

55.0 
50.0 
45.0 
42.9 

37.3 

6.278 
6.180 
6.082 
6.000 

5.738 
5.640 
5.542 
5.500 

6.750 

6%2 
6%6 
6%4 

6 

5*%4 
5H'64 
53B/S4 

5y2 

6% 

0.868 
0.770 
0.672 
0.590 

0.648 
0.550 
0.452 
0.410 

0.332 

"/8 
1%2 

1%2 
2y84 

*  Supplementary  Beam. 


BEAMS 


STRUCTURAL  BEAMS-Continued 


B8 


-9.333--- 
!  o.4r.o" 


i_ 


B9 


-S.7C2-- 
I  0.3.->0" 


0.350" 


B  66 

0.500 '-- 


I  0.284" 


^i 


0.280 


-">  0.540 


1^ 

.12-- 



-i 

Section       '    Depth  of 
Index                iseam, 

Weieht                Flange  Width,           '         Web  Thickness, 

^'^®''        j      Inchea 

Founds          Decimal     |   Fractional        Decimal 

Fractional 

B    8 

B    9 

*B  66 

12 

12 
12 

55.0             5.600 
50.0             5.477 
45.0             5.355 
40.8             5.250 

35.0       1      5.078 

31.8  1      5.000 

27.9  '      6.000 

5i%2            0.810 
53i/;,4            0.687 
52%4            0.665 
5V4                0.460 

5%4         1      0.428 

5  0.350 

6  0.284 

2^64 
2%.t 

%2 

*Supplementary  Beam. 
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CARNEGIE    STEEL    COMPANY 


STRUCTURAL  BEAMS— Continued    ^J^„.3io' 
BIO 


10.498 


Section 
Index 

Depth  of 
Beam, 
Inches 

Weight 
per  Foot, 
Pounds 

Flange  Width,            !          Web  Thickness, 
Inches                  j                 Inches 

Decimal 

Fractional 

Decimal     j  Fractional 

B  10 
(Old  No.  B  11) 

*B  67 

B  11 
(Old  No.  B  13) 

10 

10 

9 

40.0 
35.0 
30.0 
25.4 

22.4 

35.0 
30.0 
25.0 
21.8 

5.091 
4.944 
4.797 
4.660 

5.500 

4.764 
4.601 
4.437 
4.330 

5%2 

4i5i8 

45Ml4 
42y82 

5V1. 

4*%4 
41»/32 

42y„. 

0.741 
0.594 
0.447 
0.310 

0.252 

0.724] 
0.561 
0.397 
0.290 

2%4 
%G 

2%2 

1%4 

^Supplementary  Beam. 
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BEAMS 


STRUCTURAL  BEAMS— Continued 


.q,4Bi 


Section 

Depth  of 
Beam, 
Inches 

Weight 
per  Foot, 
Pounds 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Index 

Decimal       Fractional 

Decimal        Fractional 

25.5 

4.262 

41%4 

0.532              17^2 

B  12 

(Old  No.  B 15) 

8 

23.0 
20.5 
18.4 

4.171 
4.079 
4.000 

4"/64 

4';k 
4 

0.441               Ti.) 
0.349             iM;2 
0.270              i%4 

*B  68 

8 

17.5 

5.000            5 

0.220                %2 

20.0 

3.860            355/04 

0.450              ■■^»,in 

B  13 
(OMNo.BlT) 

7 

17.5 
1.5.3 

3.755            3% 

3.660    ;    3214, 

0.345              1^82 
0.250               hi 

♦Supplementary  Beam. 
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CARNEGIE    STEEL    COMPANY 


STRUCTURAL   BEAMS— Concluded 


-^  H- 


1    0.230'-' 


B  16 


2.717^^!^ 

4,0.190" 


B  17 


!o.l70" 


l«— 4.813"-*)  / 
i.'            .0.17017 

0.35 

.    . 

o.io"*- 

± 

Section 
Index 

Depth  of 
Beam, 
Inches 

Weight 
per  Foot, 
Pounds 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Decimal 

Fractional 

Decimal        Fractional 

B14 
(Old  No.  B 19) 

B15 
(Old  No.  B  21) 

B16 
(Old  No.  B  23) 

B17 
(Old  No.  B  77) 

G 
5 

4 

3 

17.25 
14.75 
12.5 

14.75 
12.25 
10.0 

10.5 
9.5 

8.5 
7.7 

7.5 
6.5 
5.7 

3.565 
3.443 
3.330 

3.284 
3.137 
3.000 

2.870 
2.796 
2.723 
2.660 

2.509 
2.411 
2.330 

3»A8 
3%8 
321/64 

3%2 
3%4 

3 

2% 

23V«4 
223/32 
22VS2 
2S%4 
21%2 
221/84 

0.465 
0.343 
0.230 

0.494 
0.347 
0.210 

0.400 
0.326 
0.253 
0.190 

0.349 
0.251 
0.170 

1%2 

1%1 

Mi 

11/S2 
1%4 

1%2 

2V64 

Vi 

iy64 

BEAMS 


H-BEAMS 

I* 
1 

1 

1 

__; 

d 

— > 

]<                         5                            >[ 

1                                                          1 

1 

-    ^.      H4 

to 

1 

"Tl 

7: 

1                     T    "^ 
1                     1 

^\       H2 

CO 

1 

1 

r          T 

0.313" 

1                     1 

i— -^                                                       1  0.313". 

■ .--'  r-— ^ 

1 
i 

'^ -T-^ 

g;<- 3.si3'C ^  g|                                °^ 2.3ii--^  s? 

d                                                   odd 

1 
1 

^                                                      _J 

1              ^ 

f-^                                                                                                                       1 

1                » 

1 

^    i       H.3 

1 

1                   1 
1                   1 

1 
1     s 

1 

1 

•-  1        HI 
1 

r 

1 

1      0.313'^. 

■ — *                                                        1  0.313". 

' r-'             rr— -' 

1 

. ± 

§■<- — -2.au- — ^S                                      Sk— L84-t'->j  § 

o                                       d                                                o                           d 

Section 
Index 

i                      1 
Depth  of    1      W 
Beam,      (    per 
Inches      i      Pc 

1 

eicht     i           Flange  Width,           1          Web  Thickness, 
^jjj     '                 Inches                                 Inches 

"^^^     '     Decimal 

Fractional  i     Decimal 

Fractional 

H  4 
H  3 
H  2 
H  1 

1          8                34.3       1      8.000 
6                24.1       1      6.000 
5                 18.9       ;      5.000 
4                 13.8       !      4.000 

8          !      0.375 
6          1      0.313 
5                0.313 
4               0.313 

% 

%0 

H-Beams  shown  on  thia  sheet  are  particularly  adapted  for  use  in  inside  mine  timbering.    Full 
information  aa  to  their  properties  and  uses  is  given  in  separate  pamphlets  entitled  "Steel  Mine 
Timbers. " 
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CARNEGIE  STEEL  COMPANY 


SHIP  BUILDING  BULB  ANGLES 


^'"^725" 


.625 1< — -^      "o 


.600  '^--* 


American  Standard  Sections 

^ 

7"~\                   BA  195 

V                                         .725"; 

J 

k 

Section 
Index 

Depth, 
Inches 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Weight 
per  Foot, 
Pounds 

Decimal 

Fractional 

Decimal    ^   Fractional 

Decimal    ,   Fractional 

BA  195 
BA  196 

BA  197 
(BSBA  18) 

BA205 

BA206 
(BSBA  17) 

10.000 

10.000 

10.000 

9.500 

9.500 

10 
10 
10 

91/2 
91/2 

3.500 
3.500 
3.500 
3.600 
3.500 

3^2 

3y2 
3y2 
3y2 

0.725 
0.675 

0.625 
0.575 

0.525 

0.475 

0.600 
0.550 

0.500 

0.450 

2%2 

1%2 
1%2 

1%2 

y2 

-%4 

35.2 
33.2 

31.1 
29.1 

26.9 

24.9 

28.8 
26.9 

24.7 
22.8 

Dimensions  of  British  Standard  Sections  are  indicated  in  bold  type. 
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BULB  ANGLES 


.675'   -^  SHIP  BUILDING  BULB  ANGLES— Continued 


f— 

^ 

American  Standard  Section.' 

BA  201                                   /-^ 

\ 

.:  .675"                                  y 

i__ 

> 

.475,< ->. 


«e 


9 


BA  202 


.575 


—  gl 


BA  203  (BSBA  16) 

•  .475" 


9/1 


BA  208 


— ;.575" 


r    ..575 


Section 

Depth, 
Inches 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Weight 
per  Foot, 

Decimal 

Fractional 

Decimal  !  Fractional 

Decimal 

Fractional 

Pounds 

BA201 

BA  202 

BA  203 
BSBA  16) 

BA  208 

BA  209 
(BSBA  14) 

9.000 
9.000 
9.000 
8.500 
8.500 

9 

9 
9 

3.500 
3. .500 
3. .500 
3. .500 
3.500 

3V2 

31/2 

3'/2 
3^2 

0.675 
0.625 

0.575 
0.525 

0.475 
0.425 

0.575 
0.525 

0.475 

0.425 

*%4 

% 

1%2 

1V82 

1%2 
2764 

30.4 
28.6 

26.6 
24.8 

22.7 
20.9 

25.3 
23.5 

21.6 

19.8 

Dimensions  of  British  Standard  Sections  are  indicated  in  bold  type. 
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CARNEGIE    STEEL    COMPANY 


^50 


SHIP  BUILDING  BULB  ANGLES— Continued 
American  Standard  Sections 


.550T 


.525^^ 


BA211 

.550" 


-SVa 


BA214 

.550" 


lO 
tr- 


BA217 

..525" 


BA  212  (BSBA  13) 


-8%- 


"1? 


BA  215  (BSBA  12) 


K-^.450'' 


1^^.450" 


Section 
Index 

Depth, 
Inches 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Weight 
per  Foot, 

Decimal 

Fractional 

Decimal 

Fractional 

Decimal 

Fractional 

Pounds 

BA  211 

BA  212 
(BSBA  13) 

BA  214 

BA  215 
(BSBA  12) 

BA217 

8.500 
8.500 
8.000 
8.000 
8.000 

8yo 

■     8 
8 
8 

3.000 
3.000 
3.500 
3.500 
3.000 

3 
3 

syo 

3V2 

3 

0.550 
0.500 

0.450 
0.400 

0.550 
0.500 

0.450 

0.400 

0.575 
0.525 

3%4 

8?'64 
J%2 

23.4 
21.7 

19.8 

18.1 

23.2 
21.6 

19.6 

18.0 

23.1 
21.4 

Dimensions  of  British  Standard  Sections  are  indicated  in  bold  type. 
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BULB    ANGLES 


SHIP  BUILDING  BULB  ANGLES— Continued 


.525 


Lmeric, 

in  Standard  Sections 

%T 

->^            BA  218  (BSBA  11) 

J 

r*    [ 

_ 

425 


BA220 


-7'/- 


.525  c- 


BA223 


-71/2- 


.425 


n 


BA  221  (BSBA  10) 

.425" 


-7J.2— 


f"*;.425'' 

ri" 


BA  224  (BSBA  9) 

.425"; 


k 7%-—-- — 


Section 

Depth, 
Inches 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Weight 

Decimal 

Fractional 

Decimal 

Fractional 

Decimal  |   Fractional 

Pounds 

EA  218 
(BSBA  11) 

BA  220 

BA  221 
(BSBA  10) 

BA  223 

BA  224 
(BSBA  9) 

8.000 
7.500 
7.500 
7.500 
7.500 

• 

7V1. 
7V2 

7V2 

3.000 
3.500 
3. .500 
3.000 
3.000 

3 

3Vi' 
3M.. 
3 
3 

0.475 
0.425 

0.575 
0.525 

0.475 
0.425 

0.525 
0.475 

0.425 
0.375 

1%2 
2'/«4 

"/32 

1%2 
2%4 

"/32 
1%2 

-%4 

19.6 
18.0 

22.8 
21.2 

19.4 
17.8 

20.3 
18.8 

17.1 

15.6 

Dimensions  of  British  Standard  Sections  are  indicated  in  bold  type. 


CARNEGIE    STEEL    COMPANY 


SHIP  BUILDING  BULB  ANGLES— Continued  r^.525" 
American  Standard  Sections 


■■^ 


.400 


BA  227  (BSBA  8) 

1.425" 


BA  230  (BSBA  7) 

1.400" 


BA226 


BA229 


.500 


BA  233  (BSBA  6) 

.400'; 


j.i 


|^->;.500 


-61/2- 


--J 


";.40O 


Section 
Index 


BA  226 


BA  227 
(BSBA  8) 


BA  229 


BA230 
(BSBA  7) 


BA  233 
(BSBA  6) 


Depth, 
Inches 


Decunal      Fractional 


7.000 
7.000 
7.000 
7.000 
6.500 


6% 


Flange  Width, 
Inches 


Decimal 


3. .500 
3.500 
3.000 
3.000 
3. .500 


Fractional 


5V2 

3 
3 

syo 


Web  Thickness, 
Inches 


Decimal 


0.525 
0.475 

0.42S 
0.375 

0.500 
0.450 

0.400 

0.350 

0.400 
0.350 


Fractional 


Weight 
per  Foot, 
Pounds 


-%4 

16.8 

% 

15.3 

V- 

18.4 

=%4 

16.9 

1%L- 

15.3 

iys2 

13.9 

W:,-J 

15.0 

1  '/i.L' 

13.6 

20.0 
18.6 


Dimensions  of  British  Standard  Sections  are  indicated  in  bold  type. 


62 


BULB    ANGLES 


SHIP  BUILDING  BULB  ANGLES— Continued    tl-?!^' 


.475'n 
f 


American  Standard  Sections 


Lloyd 
■.475" 


BA  236  (BSBA  5) 

.375"' 


U- 


-6Mr' 


476 

♦■"1 

i[ 

1 

t__ 

r 

BA241 

^                  V  .475" 

^- 

i 

J 

Lloyd 

.375" 


n 


"t 


^.375" 


.375' 


'- 

BA242  (BSBA  4) 

(V                        .375"; 

/ 

I 

Section 
Index 

Depth, 
Inches 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Weight 
per  Foot, 

Dedmal  |  Fractional 

Decimal 

Fractional 

Decimal 

Fractional 

Pounds 

BA  236 
(BSBA  5) 

t  Lloyd 

t  Lloyd 

BA  241 

BA  212 
(BSBA  4) 

6.500 

6.000 
6.000 
6.000 

6.000 

6>/2 

6 
6 
6 

3.000 

3.500 
3.500 
3.000 

3.000 

3 

3'/l' 
3 'A. 
3 

3 

0.425 
0.375 
0.350 

0.475 
0.425 

0.375 
0.350 

0.525 
0.475 

0.425 
0.375 
0.350 

% 

^'782 

% 

1%2 

% 

15.0 
13.6 

12.9 

16.4 
14.8 

13.4 

12.8 

16.8 
15.6 

14.1 
12.8 
12.2 

tR9lled  by  Pencoyd  Iron  Works  (60A). 
Dimensions  of  British  Standard  Sections  are  indicated  in  bold  type. 
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CARNEQIE    STEEL    COMPANY 


450    SHIP  BUILDING   BULB  ANGLES— Concluded 
American  Standard  Section.s 


BA244 

• .450 ' 


.325" 


-5'/2- 


.350 

.J 

^ 

[        BA  245  (BSBA  3) 
V               -sso'l 

J 

^                             .                 1 

BA251   (BSBA  2) 

1.325" 


■5V2- 


-5 _ ^ 

Miscellaneous  Sections 


BA143 

:  .'24" 


.  BA144 

\    [    \  .22'' 


r.23" 


I 

.281 


5^1 ^ 


.19" 


.19-i;  i^ 


BA145 


1^ 41//. 


BAi46 


19"!     ;-ig'^    /Is] 


;s 


48  rA 


..^?. 


--3^'- J 


BA147 


-ZVr- 


Section 
Index 

Depth, 
Inches 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Weight 
per  Foot, 

Decimal 

Fractional 

Decimal 

Fractional 

Decimal 

Fractional 

Poimda 

BA244 

5.500 

5V. 

3.000 

3 

0.500 
0.450 
0.400 

V2 

1%2 

15.1 
13.9 
12.5 

BA  245 
(BSBA  3) 

5.500 

51/0 

3.000 

3 

0.350 
0.325 
0.375 

1^2 
% 

11.3 

10.7 
10.4 

BA  251 
(BSBA  2) 

5.000 

5 

2.. 500 

2y2 

0.325 
0.300 

2y84 
1%4 

9.3 

8.8 

*BA143 

5.000 

5 

2.500 

2V2 

0.240 

y4 

8.3 

*BA144 

4.500 

4y2 

2.250 

2% 

0.220 

%2 

6.7 

*BA145 

3.000 

3 

2.000 

2 

0.190 

%6 

3.60 

*BA146 

3.000 

3 

1.7.50 

1% 

0.160     '         %2 

3.25 

*BA147 

2..500            2% 

1.500 

1V2 

0.150             %2 

2.66 

♦Furnished  only  by  special  arrangement. 
Dimensions  of  British  Standard  Sections  are  indicated  in  bold  type. 
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BULB    ANGLES 


CAR  BUILDING  BULB  ANGLES 


r~n 


:»-lM6-^/i6|*- 


*— 

1 

-r 

i 

C4 

-%" 

BA124 

r'-Vior^e" 

^ 

•S'''h 

J' 

»•— 

.._:_..  5-"—- 

-y 

r7~ 


BA122    .iy,V/r 


.4' 


rs""» 


^5.i<,  BA123 


Section 
Index 


BA  125 
BA  124 
BA  122 
BA  123 


Depth, 
Inches 


Decimal 

5.000 
5.000 
4.000 
4.000 


Fractional 

5 
.■> 
4 
4 


Flange  Width, 
Inches 


Decimal      Fractional 


4.500 
3.500 
3.500 
3.500 


4y2 

3y2 
3y2 


Web  Thickness, 
Inches 


Decimal 


0.438 
0.375 
0.500 
0.375 


Fractional" 


%6 


Weight 
per  Foot, 
Pounda 


19.3 
13.2 
14.3 
11.9 
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CARNEGIE    STEEL    COMPANY 


n^ 


0.425 


STRUCTURAL  CHANNELS 

American  Standard  Sections 

C60 


n 


0.564" 


<. 15.421 

"1 0.625"  :  0.500' 


0.686 


•18-' 


CI 

-12.353-"- -> 

:  0.400"  ' 


■15 


0.48" 


C  20 

-10.412" -»; 

;0.375" i 


-13- 


Flange  Width, 

Web  Thickness, 

Section 
Index 

Depth  of 

Channel, 

Inches 

Weight 
per  Foot, 
Pounds 

Inches 

Inches 

Decimal 

Fractional 

Decimal 

Fractional 

58.0 

4.200 

413/64 

0.700 

*5/64 

tC  60 

18 

51.9 

4.100       ;       4%o 

0.600 

1%2 

45.8 

4.000      1       4 

0.500 

V2 

42.7 

3.960 

3«yw 

0.450 

2%4 

.55.0 

3.814 

3i3Ao 

0.814 

ma 

50.0 

3.716 

32%2 

0.716 

2%2 

C     1 

1.5 

45.0 

3.618 

3% 

0.618 

% 

40.0 

3. .520 

33%4 

0.520 

8%4 

35.0 

3.422             327/e4 

0.422 

2-/64 

33.9 

3.400       !       3i%2 

0.400 

1%2 

50.0 

4.412       i       41S/32 

0.787 

2%2        • 

45.0 

4.208      ;       4i%4 

0.673 

*%4 

.    tC  20 

13 

40.0 

4.185       i       4%o 

0.560 

9/1  fi 

37.0 

4.117       I       4y6* 

0.492 

3Ve4 

35.0 

4.072       !       4%4 

0.447 

2%4 

31.8 

4.000             4 

0.375 

8/8 

tC  60  is  a  Ship  Building  Channel  (not  an  American  Standard.)     fC  20  is  a  Car  Building  Channel. 


66 


CHANNELS 


STRUCTURAL  CHANNELS— Continued 
American  Standard  Sections 


-1 


r' 


C170 


9.530 


r-i0.so' 

!.( 

.700" 

^J. 

12'^- 

0.750* 


Section 
Index 

Depth  of 

Channel, 

Inches 

Weight 

per  Foot, 
Pounds 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Decimal 

Fractional 

Decimal 

Fractional 

500 

4.135 

4%4 

0.835 

5%4 

48.6 

4.100             4%2 

0.800 

"VOA 

46.6 

4.050 

4%4 

0.750 

% 

tC  170 

12 

44.5 

4.000 

4 

0.700 

*%-t 

40.0 

3.890 

35%4 

0.590 

1%2 

35.0 

3.767 

3«/64 

0.467 

1%2 

40.0 

3.415 

32y64 

0.755 

% 

35.0 

3.292 

31%4 

0.632 

% 

C    2 

12 

30.0 

3.170 

31%4 

0.510 

3%4 

25.0 

3.047 

3%4 

0.387 

•^"/«i 

20.7 

2.940 

21%6 

0.280 

%2 

3.5.0 

3.180 

3?48 

0.820 

1%6 

.30.0 

3.033            3^2 

0.673 

*%* 

C    3 

10 

25.0 

2.886            25%4 

0.526 

".fe 

20.0 

2.739      1      2*%4 

0.379 

% 

15.3 

2.600            2i%2 

0.240 

l^^M 

to  170  is  a  Car  Building  Channel  (not  an  American  Standard.) 
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CARNEGIE    STEEL    COMPANY 


STRUCTURAL  CHANNELS— Continued 

American  Standard  Sections 


C4 


_7.247- 

1,0.230" 


10.230" 


"0.59r" 


-ir?7 


at 

■^0.13"                                                                        h, 

\                      •                / 

\     jc- 6.338'^ ^     / 

Xi"^"                X0.220''         ; ; 

T 

]  ,0.220 '' 


0.560* 


C6 

-5.429" 


10.210" 


Section 
Index 


Depth  of 
Channel, 
Inches 


Weight 
per  Foot, 
Pounds 


Flange  Width, 
Inches 


Decimal        Fractional 


Web  Thickness, 
Inches 


Decimal 


Fractional 


C     4 


C    5 


C    6 


25.0 
20.0 
15.0 
13.4 

21.25 
18.75 
16.25 
13.75 
11.5 

19.75 
17.25 
14.75 
12.25 
9.8 


2.812 
2.648 
2.485 
2.430 

2.619 
2.527 
2.435 
2.343 
2.260 

2.509 
2.404 
2.299 
2.194 
2.090 


21%6 
2*^64 

2%8 


21%2 

2TA6 

21%2 

283/64 
21%2 
21%4 

2%o 


0.612 
0.448 
0.285 
0.230 

0.579 
0.487 
0.395 
0.303 
0.220 

0.629 
0.524 
0.419 
0.314 
0.210 


2%4 

1%4 


2%4 

5^« 


CHANNELS 


STRUCTURAL  CHANNELS— Concluded 
American  Standard  Sections 


I  ro.20O* 


T 

I- 


rxO.ll" 

C8 

h 

--T' 

VjO.29" 

3.C09-' »; 

J,0.190"   \j 

ij 

T"    

— 1 

U.45U 

Section 
Index 

Depth  of 

Channel, 

Inches 

Weight 
per  Foot, 
Pounds 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Decimal        Fractional 

Decimal 

Fractional 

a  7 

6 

15.5 

13.0 

10.5 

8.2 

2.279 
2.157 
2.034 
1.920 

2%2 
25/82 

2%2 

15%4 

0.559 
0.437 
0.314 
0.200 

Vie 

1%4 

C    8 

5 

11.5 
9.0 
6.7 

2.032 
1.88* 
1.750 

2^2 

ie%4 

1% 

0.472 
0.325 
0.190 

1%2 

8/10 

C    9 

4 

7.25 
6.25 
5.4 

1.720 
1.647 
1.580 

123/82 
I*y84 

IST/a* 

0.320 
0.247 
0.180 

C  10 
(Old  No.  C  72) 

3 

6.0 
5.0 
4.1 

1..596 
1.498 
1.410 

11%2 
11%2 

0.356 
0.2.58 
0.170 

i/i 
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CARNEGIE    STEEL    COMPANY 


SHIP  BUILDING  CHANNELS 

American  Standard  Sections 


'^  T^O.425 


, f 

io.eoo" 


"T\0,400'' 


C  171  (BSC  25) 
9.536" 


12-— 


•»!        i*, 


0.564 


k 

o 

"D| 

0.425" 

C  21  (BSC  26) 

r 

o 

\^|0.625" 

10.525"                              ;  J 

-, 

1 

<— 



12?— 

— i 

0.686 


I  0.548' 


h 


0.652' 


0.513" 


:  0.575" 


0.637 


i< 


—  10- 


Section 

Depth  of 
Channel, 
Inches 

Weight 
per  Foot, 
Pounds 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Index 

Decimal 

Fractional 

Decimal 

Fractional 

C  21 
(BSC  26) 

C  171 
(BSC  25) 

C  26 
(BSC  21) 

12 
12 
10 

44.7 
40.6 
i6.S 
34.5 

41.1 
37.0 
32.9 
30.9 

37.0 
33.6 
30.2 

28.5 

4.200 

4.100 

4.000 

^  3.950 

3.700 
3.600 
3.500 

3.450 

4.200 
4.100 
4.000 
3.9F,0 

413/04 
48/82 

4 

36yB4 

3*%4 
31%2 

3V2 

32%4 

41%4 
4%2 

4 

36yfi4 

0.725 
0.625 
0.525 
0.475 

0.700 
0.600 
0.500 
0.450 

0.675 
0.575 
0.475 

0.425 

2%2 

% 
1%2 
1%2 

*%4 
1%2 

V2 
2%4 

*y64 

3'/e4 

1%2 

2%4 

Dimensions  and  propertiea  of  the  British  Standard  Sections  are  indicated  in  bold  type. 
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CHANNELS 


SHIP  BUILDING  CHANNELS— Continued 


f"rr\o.4oo' 


American  Standard  Sections 


C  27  (BSC  20) 


^ 7.634-- - 

'0.575'  0.475" 


;  0.522 


T\0.350' 


:0.500" 


C  28  (BSC  19) 
7.925--— 


0.375" 


T\0.400' 


:  0.575" 


C  31  (BSC  18) 

6.616' > 

^0.475" 


Section 
Index 


Depth  of 
Channel, 
Inches 


Weight 
per  Foot, 
Pounds 


Flange  Width, 
Inches 


Web  Thickness, 
Inches 


Decimal 


Fractional    !     Decimal        Fractional 


C  27 
(BSC  20) 


C  28 
(BSC  19) 


C  .31 

(BSC  18) 


10 


10 


3.5.1 
.31.7 
28.3 
26.6 
24.9 

25.3 
23.6 

21.9 

34.7 
31.7 
28.6 
27.1 


3.700 
3.600 
3.500 
3.4.50 
3.400 

3.550 
3.500 
3.450 

4.200 
4.100 
4.000 
3.9.50 


3*B4t 
3i%o 

3V2 

32»/84 

31%2 

335/m 

syo 

329,fe4 

41%4 
4%2 

4 

39y„4 


0.675 
0..575 
0.475 
0.425 
0.375 

0.425 
0.375 
0.325 

0.675 
0..575 
0.475 
0.425 


1%2 


2%4 

% 

2%4 


87m 

>%2 


DimenaoDS  and  properties  of  the  British  Standard  Sections  are  indicated  in  bold  type. 
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CARNEGIE    STEEL    COMPANY 


SHIP  BUILDING  CHANNELS— Continued 

American  Standard  Sections 

"I    toA9l" 


'L.. 


0.375 


10,550" 


<( 


C  32  (BSC  17) 

6.731-"- 

0.450" 


0.603 


C  36  (BSC  13) 


5.82»- -J, 

I  0.425"  i 


ro:47i" 


0.579" 


f~irN0.350 


:  0.500" 


I, 


C  37  (BSC  12) 

5.943"- 

10.375" 


.^ 


0.546 


Section 

Depth  of 
Channel. 

Weight                 Flange  Width,                     Web  Thickness, 
per  Foot,                      Inches                  i                  Inches 

^°<^«-^               Inches  ■ 

Pounds           Decimal 

Fractional 

Decimal        Fractional 

C  32 
(BSC  17) 

C  36 
(BSC  13) 

C  37 
(BSC  12) 

9 

8 

8 

31.6  3.700 
28.5              3.600 

25.4  3.500 
23.9              3.450 

28.2  1      3.700 

25.5  3.600 
22.8              3.500 

21.4  3.450 

25.5  3.225 

22.7  1      3.125 
20.0             3.025 

19.3  3.000 
18.7             2.975 

3*%4 
31%2 

3y2 

32%4 

3*%4 
31  %2 

32%4 

3%2 

3^32 

3 

23^2 

0.650 
0.550 
0.450 
0.400 

0.625 
0.525 
0.425 
0.375 

0.600 
0.500 
0.400 
0.375 
0.350 

2^32 
8%4 
2%4 
1%2 

% 
"782 
2y64 

% 

1%2 

1%2 

% 

iys2 

Dimensions  and  properties  of  the  British  Standard  Sections  are  indicated  in  bold  type. 
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CHANNELS 


SHIP  BUILDING  CHANNELS— Continued 
American  Standard  Sections 

"\     r'0.446" 
f"  "1^0.350' 


:  0.500" 


t 


f""r\0.325" 


;  0.475" 


C  42  (BSC  9) 

5.041"- 

■  0.375" 


0.554 


-^     ^'0.429' 


0.521 


->i 


T]n^0.325' 


cE 


C  46  (BSC  8) 

—  4,023'- 

475'  '  0.375' 


■*:     '^0.420" 


»-t  o 


0.530      4. 


C- ?■ 


"^  0.300" 


C109 


f 4.376 

-0.385"  10.340 


-^    f, 


i    10.330 


Section 

Depth  of 
Channel, 
Incheo 

Weight 
per  Foot, 
Pounds 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Decimal 

Fractional 

Decimal 

Fractional 

C  41 
(BSC  10) 

7 

25.0 
22.7 
20.3 
19.1 

3.700 
3.600 
3. SOD 
3.450 

3*%4 

3i%« 

31'2 
32%4 

0.600 
0.500 
0.400 
0.350 

19/32 

^%2 
H'82 

C  42 
(BSC  9) 

7      • 

20.0 
17.6 

16.4 

3.100 
3.000 
2.950 

3%2 

3 

261/64 

0.475 
0.375 
0.325 

1%2 
% 
2y64 

C  46 
(BSC  8) 

6 

22.0 
20.0 
18.0 
16.9 

3.700 
3.600 
3.500 
3.450 

3*%4 
31%2 
31/2 
32%4. 

0.575 
0.475 
0.375 
0.325 

sye* 

«/82 

% 

21/64 

C  109 

6 

1.5.3 

3.500 

3% 

0.340 

iys2 

Dimensions  and  properties  of  the  British  Standard  Sections  are  indicated  in  bold  type. 
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CARNEQIE  STEEL  COMPANY 


SHIP  BUILDING  CHANNELS— Concluded 
American  Standard  Sections 


; 0.429 


^~ 

~\ 

0.325" 

/^ 

C  47  (BSC  7) 

U5 

o 

eo 

^, 4.041-"- 

->1 

^•.0A75"              :  0.375" 

\J 

■     1 

„; 

1 

0.521 


C  48  (BSC  5) 


4.449 ^'=^ 

0.375"  0.313"     1  y 


10.337* 


y 

0.413 


-6- 


6- > 


MISCELLANEOUS  CAR  BUILDING  CHANNELS 

'^    ro.406" 


r~r^ 


0.25 


0.25 


C  106 

--4.265"— 


10.375 


0.500 


5%' 

,0.19"^  C220       n 


T" 

'■''    C200 

.—-2.395"—^ 

; 

l;;;0.28"        ;0.50T 

X-* 

^_ 

J 

_^ 

;0.469 


0.531 


f.375'' 


2.402 -- 
0.38"         ;0.3g4y 


,0.438 


Section 
Index 

Depth  of    1      Weight 

Channel,     j    per  Foot, 

Inches      !      Pounds 

Flange  Width, 
Inches 

Web  Thickness, 
Inches 

Decimal 

Fractional 

Decimal 

Fractional 

C  47 

(BSC  7) 

C  48 
(BSC  5) 

fi                  16.3 

^           !        15.1 

6                  13.3 
12.0 

3.000 

2.938 

2.563 
2.500 

3 

21%6 
2%6 

2y2 

0.375 
0.313 

0.375 
0.313 

^8 

% 
%6 

Dimensions  of  British  Standard  Sections  are  indicated  in  bold  type. 


MISCELLANEOUS 

CAR  BUILDING  CHANNELS 

*C  106 

5% 

17.0 

3.500 

SVs 

0.375 

% 

*C  200 

4 

13.8 

2.500 

2^2 

0.500 

V2 

*C  220 

4 

10.1 

2.087 

28^2 

0.394 

2%4 

*C  190 

3 

7.1 

1.984 

ie%4 

0.250 

% 

♦Furnished  only  by  special  arrangement. 


74 


ANGLES 


EQUAL  ANGLES 


3 


K 6 


Al 


LiJ 


T^ 


3 


A2 


:iK"    '%" 


A3 


V 


Section  Index 

Size. 
Inches 

Thickness, 
Inches 

Weight  per  Foot, 
Pounds 

rVi 

56.9 

IVia 

54.0 

1 

51.0 

i5Ao 

48.1 

% 

45.0 

Al 

8x8 

1%(. 

42.0 

% 

38.9 

1^6 

35.8 

¥8 

32.7 

SAe 

29.6 

¥2 

26.4 

1 

37.4 

!%« 

35.3 

% 

33.1 

i%c 

31.0 

% 

28.7 

A2 

6x6 

"Ae 

26.5 

% 

24.2 

%6 

21.9 

% 

19.6 

%a 

17.2 

% 

14.9 

*1 

30.6 

*    1%0 

28.9 

*    •'/'s 

27.2 

*  i%a 

25.4 

*  % 

23.6 

A3 

5x5 

*   Hie 

21.8 

*   0,^ 

20.0 

*  %« 

18.1 

*    ¥2 

16.2 

*  "Wo- 

14.3 

*    % 

12.3 

^Special,  see  page  44. 
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CARNEGIE    STEEL    COMPANY 


EQUAL  ANGLES— Continued 


r* - 


::)     f 


A4 


^ 


_j 


ZJ     r 


A5 


'" — rn — TT 


A7 


Size, 

Thickness, 

Weight  per  Foot, 

Section  Index 

Inches 

Inches 

Pounds 

*1SA6 

19.9 

% 

18.5 

11^6 

17.1 

% 

15.7 

A4 

4x4 

%e 

14.3 

V2 

12.8 

^Ae 

11.3 

% 

9.8 

%o 

8.2 

*i,4 

6.6 

*1%6 

17.1 

*% 

16.0 

*iVio 

14.8 

s/s 

13.6 

%e 

12.4 

A  5 

3Hx3M 

l/'2 

11.1 

'Ao 

9.8 

% 

8.5 

%fl 

7.2 

*y4 

5.8 

*% 

11.5 

*%8 

10.4 

1/2 

9.4 

A  7 

3   s   3 

%8 

8:3 

% 

7.2 

%e 

6.1 

% 

4.9 

*Speeial,  see  page  44. 
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ANGLES 


EQUAL  ANGLES— Concluded 

r 2W-' >;                               r—    2-'— >; 

f       T  %"        '  r     ^  ^ ' 

'         t  %-■ 

;^ 

C4 

A9                   T 

All 

A  12 

t , 

i...\j 

L. 

ri — -*— i 

'^ 

fl '-'-.! 

'i  f   *^"          vT  r 

-Mi' 

1            '-J 

ij                             is; 

, 

lJ      a  13                       *--^      A 15 

A  16 

Section  Index 

Size, 
Inches 

Thickness, 
Inches 

Weight  per  Foot, 
Pounds 

*   V2 

7.7 

■'Afi 

6.8 

% 

5.9 

A    9 

2y2x2y2 

*  Vs 

*  %0 

% 

5.0 
4.1 
3.07 
2.08 

5.3 
4.7 

All 

2x2 

*  Vs 

*''A<i 

*  % 

*  %6 

3.92 
3.19 
2.44 
1.65 

4.6 

3.99 

3.39 

A  12 

IMxlM 

*  Vi 
*%« 

*  \k 

*  % 
%6 

2.77 
2.12 
1.44 

3.35 
2.86 

A  13 

IJ^x  IJ^ 

V4, 
*%6 

2.34 
1.80 
1.23 

2.33 

A  15 

IMxlM 

*  % 

*  Vs 

*  hi 

1.92 
1.48 
1.01 

1.49 

A  16 

1     X     1 

*%6 
*     % 

1.16 
0.80 

♦Special,  see  page  44.                                                                                                                    1 
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CARNEGIE    STEEL    COMPANY 


UNEQUAL  ANGLES 


Section  Index 

Size, 
Inches 

Thickness, 
Inches 

Weight  per  Foot, 
Pounds 

*1 

44.2 

*    15^8 

41.7 

*       % 

39.1 

*    1%6 

36.5 

*       % 

33.8 

A  18 

8x6 

*  ^Vid 

31.2 

*      6/8 

28.5 

*     %0 

25.7 

*       ^2 

23.0 

*     ZU 

20.2 

*1 

35.7 

*  iS'ie 

33.7 

*    Vs 

31.7 

*    13i6 

29.6 

*      Si 

27.5 

A  53 

8    x3i^ 

*   1Mb 

25.3 

*     % 

23.2 

*     %8 

21.0 

*       1-2 

18.7 

*    Tie 

16.5 

*1 

32.3 

*  me 

30.5 

*     % 

28.7 

*  I3i„ 

26.8 

*       3^ 

24.9 

A  19 

7    x3J^ 

*  lyiu 

23.0 

*      0,8 

21.0 

*  "Ao 

19.1 

*    y-. 

17.0 

*     %0 

15.0 

*  % 

13.0 

♦Special,  see  page  44. 
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ANGLES 


UNEQUAL  ANGLES— Continued 


--^  p 3J^ ^  K 4" ^ 


r^"^ 


L. 


Jj,'    '%' 


A  20 


^-L* 


■-^li"  'Ko 


A  21 


::^T 


::7 


A  22 


Section  Index 

Size,                           Thickness, 

Weight  per  Foot, 

Inches                             Inches 

Founds 

n 

30.6 

*  «Ae 

28.9 

^•fe 

27.2 

"Ae 

25.4 

% 

23.6 

A20 

6x4 

11^8 

21.8 

% 

20.0 

%6 

18.1 

% 

16.2 

^Ae 

14.3 

% 

12.3 

*1 

28.9 

*    1^6 

27.3 

% 

25.7 

I'Ae 

24.0 

% 

22.4 

A  21 

6    X  3J4 

% 

20.6 
18.9 

9i« 

17.1 

% 

15.3           • 

■'Ae 

13.5 

% 

11.7 

*     %6 

9.8 

*      % 

24.2 

*    1%6 

22.7 

*       % 

21.1 

*  lyio 

19.5 

A  22 

5x4 

*  % 

17.8 

*    »/1s 

16.2 

*  % 

14.5 

*  T/i« 

12.8 

*  % 

11.0 

*  Special,  see  page  44. 
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CARNEGIE    STEEL    COMPANY 


UNEQUAL  ANGLES— Continued 


p 3j^ ^ 


0^      ^'/la" 


A23  .1 


L. 


—  3 -^ 


p%"  '^lo' 


A  24 


:^  r 


^Wa"  ■f'A"  r" 


A  25 


L. 


Cy."  'y^' 


A  26 


Section  Index 

Size, 

Thickness, 

Weight  per  Foot, 

Inches 

Inches 

Pounds 

*  % 

22.7 

*13Ao 

21.3 

% 

19.8 

11^6 

18.3 

% 

16.8 

A  23 

X  3M 

%6 

15.2 

% 

13.6 

■^Ae 

12.0 

% 

10.4 

%6 

8.7 

*13^g 

19.9 

*% 

18.5 

1^18 

17.1 

% 

15.7 

A  24 

5x3 

%8 

14.3 

% 

12.8 

%8 

11.3 

% 

9.8 

%« 

8.2 

*13A6 

18.5 

*   % 

17.3 

*1W8 

16.0 

*  ¥8 

14.7 

A  25 

4^  X    3 

*»/l8 

13.3 

*  V' 

11.9 

*%6 

10.6 

*   % 

9.1 

*5A6 

7.7 

*1%6 

18.5 

*   % 

17.3 

*"A8 

16.0 

*  % 

14.7 

A  26 

4    X  33^ 

*%0 

13.3 

*  ¥i 

11.9 

*TAo 

10.6 

*  % 

9.1 

*?-i« 

7.7 

*  Special,  see  page  44. 
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ANGLES 


UNEQUAL  ANGLES— Continued 


2>^' 


-z> 


A27 


17- 


OS 

A28  i 


5i6  ^'/*    r 2%", * 


A  29 


t... 


I? 


■^6     ''^■'    r-  2 

A  32  i 


A  33 


Section  Index 

Siae, 
Inches 

Thickness, 
Inches 

Weight  per  Foot, 
Pounds 

*>%8 

17.1 

*  % 

16.0 

*^Vi8 

14.8 

% 

13.6 

^6 

12.4 

A  27 

4x3 

% 

11.1 

'/i« 

9.8 

8/'8 

8.5 

%« 

7.2 

*yi 

6.8 

*1%8 

15.8 

*% 

14.7 

«M« 

13.6 

*% 

12.5 

^„ 

11.4 

A  28              ;          ZVis.   2, 

Vs 

10.2 

Tie 

9.1 

% 

7.9 

6/i6 

6.6 

*% 

5.4 

«V46 

12.5 

*  % 

11.5 

*%fl 

10.4 

A  29 

3}^  X  2K2 

¥2 

9.4 

8.3 

% 

7.2 

%0 

6.1 

Vi 

4.9 

*%6 

9.5 

*% 

8.5 

A  32 

3x2^ 

% 

7.6 
6.6 

1 

%6 

5.6 

y4 

4.5 

*  % 

7.7 

*^/i« 

6.8 

A  33 

3x2 

*% 

5.9 

*5/^6 

5.0 

*yt 

4.1 

♦Special,  see  page  44. 
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CARNEGIE    STEEL    COMPANY 


UNEQUAL  ANGLES— Concluded 


r*— -2 


;^ 


A  35 


<-lV2*: 

1    J 

■   t  y:-' 

<N 

A  37 

V...1 

-  1  y,-.. 


r-lK"- 


'Me" 

A48 


--1V4* 


A  645 


A  39 


'  3/16 
A  270 


A  624 


Section  Index 

Size. 
Inches 

Thickness, 
Inches 

Weight  per  Foot, 
Pounds 

*¥i 

6.8 

*''A<i 

6.1 

% 

5.3 

A    35 

23^  X   2 

%« 

4.5 

¥4 

3.62 

"Ao 

2.75 

*  Vs 

1.86 

*•%« 

3.92 

A    48 

2>^xlV« 

*  Vi 

3.19 

*3^|. 

2.44 

*   V2 

5.6 

*-'An 

5.0 

A  270 

2Jixl^ 

*  % 

4.4 
3.66 

*i,4 

2.98 

*%.: 

2.28 

*  % 

3.99 

*  %« 

3.39 

A    37 

2   X  13^ 

*V* 

2.77 

*%» 

2.12 

*% 

1.44 

A  645 

2    X  IM 

*^4 

2.55 
1.96 

*  y* 

2.34 

A    39 

IMx  IM 

*3A« 

1.80 

*  v« 

1.23 

*%fl 

2.59 

A  624 

l^^xlM 

*i/4 

2.13 

*%8 

1.64 

♦Special,  see  page  44. 
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TEES 


EQUAL  TEES 


1-^ 

w 

C^  ^ 

n 

T7 

i 



--%^ 


Vl6 


Section 

Siie,  Inches 

Thickness,  Inches 

Weight 
per  Foot, 
Pounds 

Index 

Flange 

Stem 

Flange 

Stem 

T40 

6H 

G'A 

0.40  to  0.55 

0.45 

19.8 

T    1 

4 

4 

V'a   to  »/i8 

Vi  to  »/,« 

13.5 

T    2 

4 

4 

%    to  VlB 

%  to  y,„ 

10.5 

T    3 

3}^ 

3^ 

V2  to  »A6 

y2  to  %a 

11.7 

T    4 

SVi 

3H 

%    to   %6 

%  to  T/ie 

9.2 

T    6 

3 

3 

^2    to  »/lfl 

Mj  to  O/ifi 

9.9 

T    7 

3 

3 

T/io  to    l/o 

Via  to   Va 

8.9 

T    8 

3 

3 

%  to  ■virt 

%   to  T,^« 

7.8 

T    9 

3 

3 

%8  to     % 

•YiB  to  % 

6.7 

83 


CARNEGIE    STEEL    COMPANY 


TEES 


UNEQUAL  TEES 


f 

—  4Vi-- — 

.-- ;J- 

1 

Ir-^ 

1     f 

~^i 

6p% 

\ 

"co 

T  54 

Section 

Size,  Inches                1            Thickness,  Inches 

Weight 
per  Foot, 
Pounds 

Index 

Flange 

Stem                Flange 

Stem 

tT50 
JT51 
T52 
T54 
T53 

5 
5 

4^ 
4J^ 
4!^ 

3 

2H 

^Vi 

3 

3 

%  to  TAe 
%  to  %« 
Tie  to  %8 

%    to  7^6 

•Hb  to  % 

i%2  to  % 
%6  to  2y82 

"Aeto  % 
%  to  Tie 
¥i6  to    % 

11.5 
10.9 

15.7 
9.8 
8.4 

tT  .50  can  be  rolled  with  flange  '/■•"  to  '/lo".  and  stem  S'/h 
t  T  51  can  be  rolled  with  flange  'i"  to  ^V\«," %  and  stem  2-% 


weight  1.3.6  lbs.  per  foot, 
weight  13.0  lbs.  per  foot. 
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CARNEGIE    STEEL    COMPANY 


UNEQUAL  TEES— Continued 


-m- 


I    ^ 


T56 


4y2- 


\/'p%" 


-L i  2 


T55 


i« 4- 


T58 


4- 


"T-w~ 


^..ii 


J    Si? 


T60 


Section 

Size,  Inches 

Thickness,  Inches 

Weight 

per  Foot, 

Pounds 

Index 

Flange 

Stem 

Flange 

stem 

T56 
T55 
T57 
T  58 
T  59 
T60 

4H 

4H 

4 

4 

4 

4 

2M 
2^ 
5 
5 

4^ 
4^ 

%  to  'vio 
%6  to  % 
V2  to  sHe 
%  to  %a 

1/2    to  9/l6 
%    to  %6 

%  to  ■via 
^Ae  to  % 
V2   to  »A6 
%  to  '/le 

y2  to  %« 

%  to  Tie 

9.2 
7.8 
15.3 
11.9 
14.4 
11.2 
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TEES 


UNEQUAL  TEES— Continued 


-i  '^y2" 


-   ■-% 


Section 

Size,  Inches 

Thickness,  Inches 

Weight 

per  Foot, 

Pounds 

Index 

Flange 

Stem 

Flange 

Stem 

T61 

4 

3 

%   to  %o 

%   to  %6 

9.2 

T44 

4 

3 

%o  to  % 

%6   to    % 

7.8 

T62 

4 

2'A 

%  to  %o 

%    to  ■%8 

8.5 

T63 

4 

2y2 

%o  to  % 

%o  to  % 

7.2 

T64 

4 

2 

%  to  ■'Ao 

%  to  ■'Ao 

7.8 

T65 

4 

2 

%6  to  % 

•Yio  to  % 

6.7 

T  66 

3^ 

4 

1/2    to  %8 

V2    to  O/io 

12.6       , 

T  67 

3)^ 

4 

%  to  •%« 

%  to  ■'An 

9.8 

CARNEQIE    STEEL    COMPANY 


UNEQUAL  TEES— Continued 


Section 

Size,  Inches 

Thickness,  Inches 

Weight 

per  Foot, 

Pounds 

Index 

Flange 

Stem 

Flange 

Stem 

T69 

3^ 

3 

V2    to  9/l6 

1/2   to  O/io 

10.8 

T70 

SVi 

3 

%   to  %6 

%    to  %o 

8.5 

T71 

3^ 

3 

%6  to    % 

¥8 

7.5 

T72 

3 

4 

1/2    to  %6 

V2    to  0/1  fl 

11.7 

T73 

3 

4 

Vifl  to   V2 

Tie  to  3^. 

10.5 

T74 

3 

4 

'^/s  to  Vio 

%   to  Vm 

9.2 

T75 

3 

3M 

V2    to  9/l« 

V2   to  9/1  u 

10.8 

1     T76 

3 

3^ 

Tic  to  V2 

Tie  to  V2 

9.7 

T77 

3 

3H 

%  to  'Ao 

%  to  %« 

8.5 

TEES 


UNEQUAL  TEES— Concluded 


—21/2 


21/2- — 1 


.-IV2—.. 


i—lVi— 


r-iy4— ; 


s?    i  f- 


_?1 


'S^  No.7| 

T  605       '      1  T  603 


Section 

Size,  Inches 

Thickness,  Inches 

Weight 

Index 

Flange 

Stem 

Flange                 Stem 

Pounds 

T  78 

3 

2]A 

%'  to  %9 

%  toVie 

7.1 

T79 

3 

2H 

%6tO    % 

%e  to  % 

6.1 

T82 

2H 

3 

%  toTio 

%   to%e 

7.1 

T83 

2y2 

3 

%6  to  % 

%6tO    % 

6.1 

T86 

2J^ 

IK 

%6  to  %2 

%6  to  %8 

2.87 

T87 

2 

iVi 

y*  to%6 

y*  toB/i9 

3.09 

T519 

VA 

2 

%6  to  Vi 

%6tO     Vi 

2.45 

T605 

Wt. 

IK 

%    to  %2 

Vs   tO%2 

1.25 

*T603 

IK 

H 

No.  9         14  to  No.  7 

0.88 

*  Furnished  only  by  special  arrangement. 
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CARNEGIE    STEEL    COMPANY 


MISCELLANEOUS  TEES 


T  156 
i''— 


he 


Section 

Size,  Inches 

Thickness,  Inches 

Weight 
per  Foot, 
Poimds 

Index 

Flange 

Stem 

Flange                 Stem 

*T  156 
*T  157 
*T  158 

4 

syo 

3 

3 

2V4. 

See  cut 
See  cut 
See  cut 

M  to  V2 
"Ao  to  'Ao 
%o  to  via 

11.3 
7.3 
7.0 

*  Furnished  only  by  special  arrangement. 
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ZEES 


ZEES 


r" 


1 

— —  2%- - 

Z  3 

-%" 

A. 


'•-He'         ^iS 
2%6— - 


Z  2 


Dr 


5/16 


^- 3Vfe— 


3>^- 


, 3V<, 


r 

I 3^2" 


—J 


z  1 


1 


2?t6-— 

Z  6 


J 

^He          ^%j    : 

2%'--—^ 

Z  5 

-¥2" 

"^ 

(_; 


X 


21^6-- 

Z  4 


V ay^  — 

....,         1,... 

sy* 

^ 

ZVi * 

Section       i 

Size,  Inches 

Thickness, 
Inches 

Weight 
per  Foot, 
Founds 

Index 

Flange 

Web         1 

Flange 

Z3         ; 

3% 

3%6 

eyg 

6 

3% 

3%6 

3^ 

% 
% 

34.6 
32.0 
29.4 

Z2 

3% 

3^9 

3y2 

6% 
6 

3% 

3%  6 

3y2 

1^6 

% 
%9 

28.1 
25.4 
22.8 

Z  1 

3% 

3%  6 

eys       1 

6 

3% 

3%6 

3V2 

y2 

% 

21.1 
18.4 
15.7 

Z6 


Z5 


Z4 


3% 

3%9 

3y* 
3% 

3%fl 

sy* 

3% 

3%8 

3y4 


5i,fe 

5^6 

5 

5^ 

5^6 

5 

5Vfe 

5»^o 

5 


3%6 

sy* 

3% 

3^6 

sy* 

3% 

3%8 

3y4 


%9 

ya 


%9 

% 


28.4 
26.0 
23.7 

22.6 
20.2 
17.9 

16.4 
14.0 
11.6 
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CARNEGIE    STEEL    COMPANY 


ZEES— Concluded 


Me    *:^ 
— •2?i6-— ^ 

Z  9 


i 


SHr 


^ 


2%- 

Z8 


£" 


-Vi 


-2l%6-— 

Z7 


— -2"/i6- 


1 


f 2%fe--^ 


P 


-211/16- 


■■%6 


2%6-- 

'  Z  11 


-21^16- 


-5/16 


-V4 


-27i;— 

Z  10 


Section 
Index 


Z     9 

Z    8 

Z  7 
Z  12 
Z  11 
Z  10 


Size,  Inches 


Flange 


3%6 

31^8 
3%6 

314 

3^6 

3%e 

31'8 

3Vie 

2s,i 
2iyio 

2% 
21^8 

2% 
21146 


Web 


4V8 

41^6 

4 

4Vs 

4yi8 
4 

41,8 

41,i8 

4 

3Vi6 
3 

3Vi6 
3 

3Vi6 
3 


Flange 


Thickness, 
Inches 


3%8 

3Vs 
3V4o 

3%« 

31^8 

33ie 
3Vs 

31i6 

284 
2iVi6 

2% 

211^6 

2% 
2iii6 


»/l6 

¥2 

vie 

%« 
li 

%a 


%6 


Weight 

per  Foot, 

Pounds 


23.0 
20.9 

18.9 

18.0 
15.9 
13.8 

12.5 

10.3 

8.2 

14.3 
12.6 

11.5 
9.8 
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STEEL  SHEET  PilLNQ 


UNITED  STATES  STEEL  SHEET  PILING 


z 


M  103 


— J 


Section  Index 

Width, 
Inches 

Web  Thickness, 
Inches 

Weight  per  Foot, 
Pounds 

M  105 
M  104 
M  103 

13  M 

13  M 

9H 

i4 
H 

42.5 

38 

16 

Full  information  as  to  the  properties  and  uses  of  these  sections  is  given  in  a  separate  pamphlet 
entitled  "Steel  Sheet  Piling. 
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CARNEGIE    STEEL    COMPANY 


CHECKERED  PLATE 


Section  at  Rib 


Section 

Thickness, 
Inches 

Width  and  Length,  Inches 

Weight  per 

Square  Foot, 

Pounds 

Index 

6  to  UK 

12  to  48 

im  to  60 

M  54 

1/2 

120 

240 

240 

21.4 

M  53 

l\» 

120 

240 

240 

18.9 

M  52 

% 

120 

240 

240 

16.3 

M  51 

■'An 

120 

240 

240 

13.8 

M  50 

Vi 

120 

240 

240 

11.2 

M  49 

%8 

120 

180 

8.7 

Checkered  plates  of  greater  lengths  than  shown  in  the  above  table  may  be  submitted  for  special 
consideration. 
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FLAT    ROLLED    STEEL 


RECTANGULAR  UNIVERSAL  PLATES— Carbon  Steel 

UNIVERSAL  MILL  PLATES,  ONf^FOURTH  INCH  AND  OVER,  EXTREME  SIZES 


Thick- 

Weight, 
Lbs.  per 
Sq.  Ft. 

Widths  and  Lengths  in  Inches 

ness, 
Inches 

48-46 

45-41 

40-36 

35-31 

30-26 

25-20 

19-17 

16-15 

14-12 

11 

10-6y8 

^4 

10.20 

1020 

1020 

1020 

1020 

540 

540 

%6 

12.75 

1020 

1020 

1140 

1260 

1320 

1320 

1080 

1080 

1080 

600 

600 

% 

1.5.30 

1200 

1200 

1320 

1380 

1380 

1380 

1080 

1080 

1080 

900 

840 

•%e 

17.85 

1320 

1320 

1380 

1380 

1380 

1380 

1080 

1080 

1080 

900 

840 

% 

20.40 

1380 

1380 

1380 

1380 

1380 

1380 

1080 

1080 

1080 

1020 

840 

%a 

22.95 

1380 

1380 

1380 

1380 

1380 

1380 

1080 

1080 

1080 

1020 

840 

% 

25.50 

1380 

1380 

1380 

1380 

1380 

1380 

1080 

1080 

1080 

1020 

840 

% 

30.60 

1353 

1357 

1363 

1372 

1380 

1380 

1080 

1080 

1080 

900 

840 

% 

35.70 

1160 

1163 

1169 

1177 

1188 

1203 

1080 

1080 

1080 

900 

840 

1 

40.80 

1015 

1018 

1023 

1030 

1039 

1052 

1080 

1080 

1080 

900 

840 

1% 

45.90 

903 

905 

910 

916 

924 

936 

1080 

1080 

1080 

840 

840 

Wi 

51.00 

812 

814 

818 

824 

832 

842 

1071 

1080 

1080 

840 

840 

1% 

56.10 

738 

740 

744 

749 

756 

766 

973 

1080 

1080 

840 

840 

IVs 

61.20 

677 

679 

682 

687 

693 

702 

892 

1059 

1080 

840 

840 

1% 

66.30 

625 

626 

629 

634 

640 

648 

823 

978 

1080 

840 

840 

1% 

71.40 

580 

581 

584 

588 

594 

601 

765 

908 

1038 

720 

720 

1% 

76  ..50 

541 

543 

545 

549 

554 

561 

714 

847 

968 

660 

720 

2 

81.60 

507 

509 

511 

515 

519 

526 

669 

794 

907 

600 

720 

Plates  of  greater  dimenaiona  than  shown  in  above  tables,  may  be  submitted  for  special  consideration. 


RECTANGULAR  AND  CIRCULAR  PLATES— Carbon  Steel 
SHEARED  PLATES,  THREE-SIXTEENTH  INCH,  EXTREME  SIZES 


Thick- 

Weight, 
Lbs.  per 
Sq.  Ft. 

Widths  and  Lengths  in  Inches 

Diam., 
Inches 

ness, 
Inches 

74 

72 

70 

68 

66 

64 

60 

54-42 

36-30 

24 

yiB 

7.65 

200 

220 

240 

250 

270 

320 

375 

400 

375 

400 

77 

Rectangular  Plates  yjn"  thick,  over  74  "wide  and  Circular  Plates  S/ia"  thick,  over  77"  diameter 
can  be  furnished  to  gage  only  and  only  under  certain  conditions.  Such  sizes  should  be  submitted  for 
special  consideration. 

Plates  under  %6"  thick  are  furnished  only  by  special  arrangement  and  may  be  submitted  for 
consideration. 
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CARNEQIE    STEEL    COMPANY 


RECTANGULAR  AND  CIRCULAR  PLATES— Carbon  Steel 
SHEARED  PLATES,  ONE-FOURTH  INCH  AND  OVER,  EXTREME  SIZES 


Thick- 

Weight, 
Lbs.  per 
Sq.  Ft. 

Widths  and  Lengths  in 

Inches 

Diam., 
Inches 

ness, 
Inches 

132 

126 

120 

114 

108 

102 

96 

90 

84 

78 

i/i 

10.20 

175 

250 

280 

300 

330 

375 

400 

115 

•yi6 

12.75 

240 

270 

320 

360 

380 

420 

440 

460 

120 

% 

15.30 

180 

240 

270 

320 

365 

380 

410 

450 

500 

550 

132 

Vu 

17.85 

200 

270 

300 

360 

370 

410 

430 

460 

510 

550 

132 

y-i 

20.40 

240 

270 

320 

365 

400 

450 

480 

510 

550 

580 

134 

9/i« 

22.95 

240 

270 

330 

373 

420 

470 

500 

530 

570 

600 

134 

% 

25.50 

240 

300 

350 

390 

450 

500 

520 

540 

600 

620 

134 

iH« 

28.05 

240 

300 

360 

420 

450 

500 

520 

540 

600 

620 

134 

% 

30.60 

240 

300 

360 

400 

450 

490 

520 

540 

600 

620 

134 

!%« 

33.15 

240 

300 

340 

385 

440 

490 

510 

530 

600 

620 

134 

Vs 

35.70 

240 

300 

330 

375 

440 

480 

510 

530 

600 

620 

134 

1 

40.80 

240 

300 

300 

340 

440 

460 

500 

530 

580 

600 

134 

IVs 

45.90 

240 

300 

300 

330 

410 

440 

450 

500 

550 

580 

132 

1% 

51.00 

230 

270 

300 

310 

380 

400 

420 

490 

530 

550 

132 

ly. 

61.20 

210 

230 

260 

280 

330 

320 

340 

420 

440 

480 

132 

1% 

71.40 

200 

200 

220 

240 

280 

270 

300 

380 

380 

410 

132 

2 

81.60 

180 

180 

190 

210 

240 

240 

260 

320 

330 

360 

132 

2>,i 

91.80 

132 

160 

170 

190 

210 

210 

230 

280 

295 

320 

132 

Thick- 

Weight, 

\ 

Vidths 

and  Lengths  ii 

1  Inche 

9 

Diam., 
Inches 

ness, 
Inches 

Lbs.  per 
Sq.  Ft. 

72 

66 

60 

54 

50 

48 

42 

36 

30 

24 

1/4 

10.20 

430 

475 

525 

530 



530 

530 

530 

530 

530 

530 

115 

=;io 

12.75 

480 

500 

560 

550 

575 

575 

550 

550 

550 

580 

120 

% 

15.30 

600 

600 

620 

620 

620 

620 

600 

580 

600 

600 

132 

Tie 

17.85 

600 

630 

630 

640 

640 

640 

600 

580 

600 

600 

132 

V2 

20.40 

610 

630 

630 

640 

640 

640 

600 

580 

630 

600 

134 

»Ac 

22.95 

620 

640 

640 

640 

640 

640 

600 

580 

630 

600 

134 

% 

25.50 

620 

640 

640 

640 

640 

640 

600 

580 

600 

600 

134 

iVie 

28.05 

620 

640 

640 

640 

640 

640 

600 

580 

600 

580 

134 

% 

30.60 

620 

640 

640 

640 

640 

640 

600 

580 

600 

580 

134 

iS/4e 

33.15 

620 

640 

640 

640 

640 

640 

600 

580 

570 

550 

134 

% 

35.70 

620 

640 

640 

640 

640 

640 

600 

580 

550 

550 

134 

1 

40.80 

600 

630 

630 

640 

640 

640 

580 

580 

520 

530 

134 

iy« 

45.90 

580 

620 

620 

640 

640 

640 

580 

580 

520 

500 

132 

11/4 

51.00 

550 

600 

600 

600 

600 

600 

560 

560 

520 

450 

132 

IVa 

61.20 

530 

600 

600 

600 

600 

600 

540 

540 

470 

430 

132 

1% 

71.40 

450 

490 

550 

550 

550 

550 

540 

540 

430 

380 

132 

2 

81.60 

400 

440 

480 

500 

500 

500 

500 

500 

400 

350 

132 

2y4 

91.80 

350 

390 

420 

450 

450 

450 

450 

450 

300 

200 

132 

Plates  48"  wide  and  under  and  M"  thick  and  over  can  also  be  rolled  on  Universal  Mills. 

For  greater  length  and  Universal  Mill  Sizes,  see  Universal  Mill  Plate  Table. 

Plates  of  greater  dimensions  than  shown  in  above  tables  may  be  submitted  for  special  coneideraticn. 
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FLAT    ROLLED    STEEL 


RECTANGULAR  PLATES— Nickel  Steel 
SHEARED  PLATES,  ONE-FOURTH  INCH  AND  OVER,  EXTREME  SIZES 


Thick- 

Widths and  Lengths  in  Inches 

ness, 
Inchee 

102 

96 

90 

84 

78 

72 

66 

60 

54 

50 

48 

42 

36 

1 
30  24 

y* 

240 

240 

260 

280 

280  280 

280  280 

260  260 

%6 

260  260 '270  300 

310  310  340 

340  340 

310  310 

% 

280  340] 390 

420  450  500 | 500 

500  500  480 

450  450 

430  430 

%6 

260  '  300  360  400 

430  480 

520  520 

520 

520  500 

490 

490 

480  480 

% 

270  320  380  420 

460  485 

520  520 

520 

520 

500 

490 

490 

480  480 

%0 

270  320  380 

420 

460  485 

520  520 

520 

520 

500 

490 

490 

480  480 

% 

270  300 

355 

390 

440  480 

520  520 

520 

520 

500 

500 

500 

480  450' 

1^6 

260  300 

355 

390 

440  460 

490  500 

500 

500 

500 

500 

480 

480 

450 

% 

260  300  j  355 

390 

440 

450 

460 

500 

500 

500 

500 

500 

480 

480 

450 

lyie 

260  300  355 

390 

440 

440 

460 

480 

500 

500 

500 

500 

480 

460 

440 

% 

260  300  355  390 

440 

440 

460 

480 

480 

480 

480 

480 

480 

450 

440 

1 

260  290  320  370 

400 [ 430 

440 

460 

480 

480 

480 

480 

440 

420 

420 

lys 

250  270  295 

330 

375  400 

410 

420 

440 

440 

440 

440 

440 

420 

420 

Wi 

240  260  290 

315  330  350  360 

380 

390 

400 

400 

420 

420 

400 

400 

1V2 

230  260  290 

290  310  330  350 

370 

390 

390 

390 1 390 

380 

380 

360 

1% 

220  230  250 

270 

300  310  330 

350 

370 

390 

390  360 

340 

340 

320 

2 

210  230  250 1 260 

2901295  1310 

330 

350 

370 

370 1 340 

320 

320 

290 

RECTANGULAR  PLATES— Nickel  Steel 

UNIVERSAL  MILL  PLATES,  ONE-FOURTH  INCH  AND  OVER,  EXTREME  SIZES 


Thick- 

Widths and  Lengths  in  Inches 

ness, 
Inches 

48-46 

45-41 

40-36 

35-31 

30-26 

25-20 

19-17 

16-15 

14-12 

11 

10-6ys 

V* 

660 

660 

660 

540 

540 

%e 

540 

540 

600 

660 

720 

780 

780 

780 

780 

600 

600 

% 

720 

720 

780 

840 

960 

960 

1020 

1020 

1020 

900 

840 

•/i« 

840 

840 

960 

1020 

1080 

1080 

1020 

1020 

1020 

900 

840 

V2 

960 

960 

1080 

1140 

1200 

1200 

1020 

1020 

1020 

1020 

840 

%o 

960 

960 

1080 

1140 

1200 

1200 

1020 

1020 

1020 

1020 

840 

% 

900 

900 

1020 

1080 

1140 

1140 

1000 

1000 

1020 

1020 

840 

% 

840 

840 

960 

1020 

1080 

1080 

1000 

1000 

1020 

900 

840 

Vs 

780 

780 

840 

960 

960 

960 

1000 

1000 

1000 

900 

840 

1 

720 

750 

780 

816 

840 

900 

1000 

1000 

1000 

900 

840 

1% 

640 

667 

693 

725 

744 

800 

1000 

1000 

1000 

840 

840 

ly* 

575 

600 

624 

652 

672 

720 

1000 

1000 

1000 

840 

840 

1% 

525 

545 

567 

593 

600 

655 

970 

1000 

1000 

840 

840 

iy2 

480 

500 

520 

544 

540 

600 

890 

1000 

980 

840 

840 

1% 

444 

461 

480 

502 

504 

554 

820 

978 

980 

840 

840 

1% 

410 

428 

445 

466 

480 

514 

765 

908 

980 

720 

720 

1% 

384 

400 

416 

435 

444 

480 

710 

847 

968- 

660 

720 

2 

360 

375 

390 

408 

420 

450 

670 

794 

908 

600 

720 

All  sizes  of  Rectangular  Nickel  Steel  Plates  given  in  above  tables  under  3^"  thick  should  be 
specified  to  gage  only.  Plates  l^"  thick  and  over  can  be  rolled  to  either  gage  or  weight  per  square 
foot. 
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CARNEQIE    STEEL    COMPANY 


SQUARE  EDGE  FLATS 

^--Width  ■»: 


Thickness 


%"  to  1%",  wide,  X  any  thickness,  Vs",  up  to  width. 
■Over  IV2"  to  3",  wide,  x  any  ttiickness,  %o",  up  to  width. 
Over  3"  to  5",  wide,  x  any  thicloiess,  14"  to  3",  inclusive. 
Over  5"  to  7",  wide,  x  any  thickness,  Vi"  to  2",  inclusive. 
Over  7"  to  IW,  wide,  x  any  thickness,  ^la"  to  IVi;".  inclusive. 
Over  7)4"  to  8",  wide,  x  any  tliickness,  ^Ae"  to  1"  inclusive. 
Sizes  not  listed  will  be  considered. 


NUT  STEEL  FLATS 

All  sizes  of  Nut  Steel  Plats  within  the  range  of  Square  Edge  Flats  can  be 
famished.     Some  of  the  smaller  sizes  can  be  furnished  in  coils. 


BAND  EDGE  FLATS 

Width . 


D .. '  Thickness 


%6" 


wide,  X  No.  18  to  No.  4  B.  W.  G. 

wide,  X  No.  19  to  No.  4  B.  W.  G. 

wide,  X  No.  22  to  No.  4  B.  W.  G. 

wide,  X  No.  23  to  No.  4  B.  W.  G. 

wide,  X  No.  22  to  No.  4  B.  W.  G. 

wide,  X  No.  21  to  No.  1  B.  W.  G. 

wide,  X  No.  20  to  No.  1  B.  W.  G. 

wide,  X  No.  19  to  No.  1  B.  W.  G. 

wide,  X  No.  18  to  No.  1  B.  W.  G. 

wide,  X  No.  17  to  No.  1  B.  W.  G. 

wide,  X  No.  16  to  No.  1  B.  W.  G. 

wide,  X  No.  14  to  No.  1  B.  W.  G. 

wide,  X  No.  12  to  No.  1  B.  W.  G. 

vride,  x  No.  12  to  No.  1  B.  W.  G. 
From  %"  to  9'}i"  intermediate  widths  can  be  furnished. 
Over  9^"  in  width,  the  size  listed   is  the  only  one    wliich   is   rolled,  but 
intermediate  widths  will  be  considered. 


SKELP 

All  sizes  witUn  the  range  of  Sheared  Plates,  Universal  Mill  Plates  and 
Band  Edge  Flats  can  be  furnished. 
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%6" 

to  1", 

Hie" 

to  2". 

2Vlo" 

to  3", 

3Vm" 

to  31/2", 

39/ie" 

to  4", 

4Vi«" 

to  4^2", 

49A«" 

to  51^6", 

5Vs" 

to  6%", 

6i%«' 

'  to  8%", 

8"Ao' 

'  to  9%", 

lO^i", 

MERCHANT   BARS 


SQUARES 

i  Size 

Size    ^ie"  to  2",     inclusive,  advancing  by  64ths. 

Size  2%2"  to  33^",  inclusive,  advancing  by  32ds. 

Size  3^Ae"  to  53^",  inclusive,'  advancing  by  16ths. 
Squares  can  also  be  rolled  to  decimal  dimensions,  if  so  arranged. 
Squares  Ji"  and  smaller  pan  be  fumished  in  coils. 


ROUND  CORNERED  SQUARES 

I  Size 
Size  H"  to  %",  inclusive,  advancing  by  64ttis. 


Uj 


ROUNDS 

Size    %2"    to  1^",  inclusive,  advancing  by  64ths. 

Size  12%2"  to  3}^",  inclusive,  advancing  by  32ds. 

Size  39Ao"   to  7",      inclusive,  advancing  by  16ths. 
Rounds  can  also  be  roUed  to  decimal  dimensions,  if  so  arranged. 
Rounds  Ji"  and  smaller  can  be  fumished  in  coils. 


HALF  ROUNDS 

w *» 

Size 
Size    i^a"   to    Ji",  inclusive,  advancing  by  64ths., 
Size    i%o"  to  IH",  inclusive,  advancing  by  16ths. 
Size  2",  2}4",  3". 


HEXAGONS 

Qjsize 

Size    14"  to  IJMe".  inclusive,  advancing  by  32ds. 
Size  I'i"  to  3%6".  ;inclusive,  advancing  by  leths. 
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CARNEGIE    STEEL    COMPANY 


AREAS  OF  RECTANGULAR  SECTIONS 
SQUARE  INCHES 


Width. 

Thickness,  Inches 

Inches 

Via 

Vs 

%6 

M 

%6 

% 

%e 

\2 

»A6 

% 

1^6 

»4 

1%8 

% 

1%8 

1 

% 

1 

IH 
2 

2}i 

2}/2 
2^ 
3 

4 

4  J/2 

5^ 
5^ 
6 

6M 

6}/2 

6M 
7 

7Ji 

7^ 
8 

8^ 

8}/2 

■s 

«M 
9?i 
10 

lOJi 
103^ 
lOM 
11 

IIM 
n% 

12 

.016 
.031 
.047 
.063 

.078 
.094 
.109 
.125 

.141 
.156 
.172 
.188 

.203 
.219 
.234 
.250 

.266 
.281 
.297 
.313 

.328 
.344 
.359 
.375 

.391 
.406 
.422 

.438 

.453 

.469 
.484 
.500 

.516 
.531 
.547 
.563 

.578 
.594 
.609 
.625 

.641 
.656 
.672 

.688 

.703 
.719 
.734 
.750 

.031 
.063 
.094 
.125 

.156 
.188 
.219 
.250 

.281 
.313 
.344 
.375 

.406 
.438 
.469 
.500 

.531 
.563 
.594 
.625 

.656 

.688 
.719 
.750 

.781 
.813 
.844 

.875 

.906 
.938 
.969 
1.000 

1.031 
1.063 
1.094 
1.125 

1.156 
1.188 
1.219 
1.250 

1.281 
1.313 
1.344 
1.375 

1.406 
1.438 
1.469 
1.500 

.047 
.094 
.141 

.188 

.2.34 
.281 
.328 
.375 

.422 
.469 
.516 
.563 

.609 
.656 
.703 
.750 

.797 
.844 
.891 
.938 

.984 
1.031 
1.078 
1.125 

1.172 
1.219 
1.266 
1.313 

1.359 

1.406 
1.453 
1.500 

1.547 
1.594 
1.641 

1.688 

1.734 
1.781 
1.82S 
1.875 

1.922 
1.96E 
2.01f 
2.06: 

2.10f 
2.15f 
2.20. 
l2.25( 

.063 
.125 

.188 
.250 

313 
.375 
.438 
.500 

.563 
.625 

.688 
.750 

.813 
.875 
.938 
1.000 

1.063 
1.125 
1.188 
1.250 

1.313 
1.375 
1.438 
1.500 

1.563 
1.625 
1.688 
1.750 

1.813 

;  1.875 
1.938 
2.000 

'2.063 
2.125 
12.188 
2.250 

2.313 
2.375 

12.438 
2.50C 

12.563 
2.625 
,2.68S 
2.75C 

12.81S 
)12.87J 
i'2.93S 
)!3.00{ 

.078 
.156 
.234 
.313 

.391 
.469 
.547 
.625 

.703 
.781 
.859 
.938 

1.016 
1.094 
1.172 
1.250 

1.328 
1.406 
1.484 
1.563 

1.641 
1.719 
1.797 
1.875 

1.953 
2.031 
2.109 
2.188 

2.266 
2.344 
2.422 
2.500 

2.578 
2.656 
2.734 
2.813 

2.891 
2.969 
3.047 
3.125 

3.203 
13.281 
i3.359 
3.438 

;3.516 

13.594 
13.672 
[3.750 

.094 

.188 
.281 
.375 

.469 
.563 
.656 
.750 

.844 
.938 
1.031 
1.125 

1.219 
1.313 
1.406 
1.500 

1.594 

1.688 
1.781 
1.875 

1.969 
2.063 
2.156 
2.250 

2.344 
2.438 
2.531 
2.625 

2.719 
2.813 
2.906 
3.000 

3.094 
3.188 
3.281 
3.375 

3.469 
3.563 
3.656 
3.750 

3.844 
3.938 
4.031 
4.125 

4.219 
4.313 
4.406 
4.50C 

.109 
.219 
.328 
438 

.547 
.656 
.766 
.875 

.984 
1.094 
1.203 
1.313 

1.422 
1.531 
1.641 
1.750 

1.859 
1.969 
2.078 
2.188 

2.297 
2.406 
2.516 
2.625 

2.734 
2.844 
2.953 
3.063 

3.172 
3.281 
3.391 
3.500 

3.609 
3.719 
3.828 
3.938 

4.047 
4.156 
4.266 
4.375 

4.484 
4.594 
4.703 
4.813 

4.922 
5.031 
5.141 
15.250 

.125 
.250 
.375 
.500 

.625 
.750 
.875 
1.000 

1.125 
1.250 
1.375 
1.500 

1.625 
1.750 
1.875 
2.000 

2.125 
2.250 
2.375 
2.500 

2.625 

2.750 
2.875 
3.000 

3.125 
3.250 
3.375 
3.500 

3.625 
3.750 
3.875 
4.000 

4.125 
4.250 
4.375 
4.500 

4.625 
4.750 

4.875 
5.000 

5.125 
5.2.50 
5.375 
5.500 

5.625 

5.750 
5.875 
6.000 

.141 
.281 
.422 
.563 

.703 
.844 
.984 
1.125 

1.266 

1.406 
1.547 
1.688 

1.828 
1.969 
2.109 
2.250 

2.391 
2.531 
2.672 
2.813 

2.953 
3.094 
3.234 
3.375 

3.516 
3.656 
3.797 
3.938 

4.078 
4.219 
4.359 

4.600 

4.641 
4.781 
4.922 
5.063 

5.203 
5.344 
5.484 
5.625 

5.766 
5.906 
6.047 
6.188 

6.328 
6.469 
6.609 
6.750 

.156 
.313 
.469 
.625 

.781 
.938 
1.094 
1.250 

1.406 
1.563 
1.719 
1.875 

2.031 
2.188 
2.344 
2.500 

2.656 
2.813 
2.969 
3.125 

3.281 
3.438 
3.594 
3.750 

3.906 
4.063 
4.219 
4.375 

4.531 

4.688 
4.844 
5.000 

5.156 
5.313 
5.469 
5.625 

5.781 
5.938 
6.094 
6.250 

6.406 
6.563 
6.719 
6.875 

7.031 
7.188 
7.344 
7.500 

.172 
.344 
.516 
.688 

.859 
1.031 
1.203 
1.375 

1.547 
1.719 
1.891 
2.063 

2.234 
2.406 
2.578 
2.750 

2.922 
3.094 
3.266 
3.438 

3.609 
3.781 
3.953 
4.125 

4.297 
4.469 
4.641 
4.813 

4.984 
5.156 
5.32S 
5.500 

5.672 
5.844 
6.016 
6.1SS 

6.359 
6.531 
6.703 
6.875 

7.047 
7.219 
7.391 
7.563 

7.734 
7.906 
8.078 
8.25C 

.188 
.375 
.563 
.750 

.938 
1.125 
1.313 
1.500 

1.688 
1.875 
2.063 
2.250 

2.438 
2.625 
2.813 
3.000 

3.188 
3.375 
3.563 
3.750 

3.938 
4.125 
4.313 
4.500 

4.688 
4.875 
5.063 
5.250 

5.438 
5.625 
5.813 
6.000 

6.188 
6.375 
6.563 
6.750 

6.938 
7.125 
7.313 
7.500 

7.688 
7.875 
8.063 
8.250 

8.438 
8.625 
8.813 
19.000 

.203 
.406 
.609 
.813 

1.016 
1.219 
1.422 
1.625 

1.828 
2.031 
2.234 
2.438 

2.641 
2.844 
3.047 
3.250 

3.453 
3.656 
3.859 
4.063 

4.266 
4.469 
4.672 
4.875 

5.078 
5.281 
5.4S4 
5.688 

5.891 
6.094 
6.297 
6.500 

6.703 
6.906 
7.109 
7.313 

7.516 
7.719 
7.922 
8.125 

8.328 
8.531 
8.734 
8.938 

9.141 
9.344 
9.547 
9.750 

.22 
.44 
.66 

.88 

1.09 
1.31 
1.53 
1.75 

1.97 
2.19 
2.41 
2.63 

2.84 
3.06 
3.28 
3.50 

3.72 
3.94 
4.16 
4.38 

4.59 
4.81 
5.03 
5.25 

5.47 
5.69 
5.91 
6.13 

6.34 
6.56 

6.78 
7.00 

7.22 
7.44 
7.66 

7.88 

8.09 
8.31 
8.53 
8.75 

8.97 
9.19 
9.41 
9.63 

9.84 
10.06 
10.28 
10.50 

.23 
.47 
.70 
.94 

1.17 
1.41 
1.64 

1.88 

2.11 
2.34 
2.58 
2.81 

3.05 
3.28 
3.52 
3.75 

3.98 
4.2? 
4.45 
4.69 

4.92 
5.16 
5.39 
5.63 

5.86 
6.09 
6.33 
6.56 

6.80 
7.03 
7.27 
7.50 

7.73 
7.97 
8.20 
8.44 

8.67 
8.91 
9.14 
9.38 

9.61 

9.84 
10.08 
10.31 

10.55 
10.78 
11.02 
11.25 

.25 

.50 

.75 

1.00 

1.25 
1.50 
1.75 
2.00 

2.25 

2.50 
2.75 
3.00 

3.25 
3.50 
3.75 
4.00 

4.25 
4.50 
4.75 
5.00 

5.25 
5.50 
5.75 
6.00 

6.25 
6.50 
6.75 
7.00 

7.25 
7.50 
7.75 
8.00 

8.25 
8.50 
8.75 
9.00 

9.25 
9.50 
9.75 
10.00 

10.25 
10.50 
10.75 
11.00 

11.25 
11.50 
11.75 
12.00 

100 


AREAS   OF   RECTANGLES 


AREAS  OF  RECTANGULAR  SECTIONS- 
SQUARE  INCHES 


-Continued 


Width,: 
Inches; 


Thickneee,  Inches 


mi  .781  1.5632.344  3.13 
13  .813  1.6252.438:  3.25 
lili    .844  1.6882.531   3.38 


16H  1-031  2.063  3.094  4.13;  5.16  6.19 

17  1.0i3  2.1253.188  4.25  5.31  6.38 
17 '2  1-094  2.1883.281  4.3S  5.47  6.56 

18  1.125  2.2503.375  4.50  5.63  6.75; 


18H  1-156  2.3133.469  4.63i  5.78 

19      1.188  2.3753.563  4.75!  5.94 

19  ^^  1.219  2.4383.656  4.88  6.09 

20  1.250  2.5003.750  5.00  6.25 


6.94 
7.13 
7.31 
7.50 


25  1.563  3.1254.688;  6.25 

26  1.625  3.2504.875  6.50 

27  1.688  3.3755.063'  6.75 

28  1.750  3.5005.250  7.00 

29  1.813  3.6255.438  7.25 

30  1.875  3.7505.625,  7.50 

31  1.938  3.875  5.813i  7.75 


7.81   9.38 10.94  12.50  14.06  15.63, 17.19  18.75  20.31 

8.13  9.75111.3813.00  14.63[  16.251 17.8819.50  21.13 

8.4410.1311.81:13.50  15.1916.881 18.56:20.25  21.94 

8.75jl0.5012.25|14.00  15.75' i7.5OJi9.25l2i.OO  22.75 

9.06 10.88  12.69  14.50  16.31, 18.131 19.94  21.75'23.56 
9.3811.2513.1315.00!  16.88  18.751 20.63  22.50,24.38 
9.6911.6313.5615.50  17.44: 19.38|21.31, 23.25  25.19 


32      2.000  4.0006.000,  8.0010.0012.0014.00  16.00  18.00  20.00  22.00  24.00  26.00 


33  2.063 

34  2.125 

35  2.188 

36  2.250 

37  2.313 

38  2.375 

39  2.438 

40  2.500 


2.583 
2.625 
2.688 
2.7.00 

2.813 
2.875 
2.938 
3.000 


4.1256 
4.2506 
4.375  6 
4.5006 

4.6256 
4.7507 
4.875  7 
5.0007 

I 
5.1257 
5.250  7 
5.3758 
5.5008 

5.6258 
.5.7508 
5.875  8 
6.0009 


,188' 
375! 
563 

,750 

,938! 
1251 
313 
,5001 


!.2510 
!.50 10 
(.7510 
1.0011 

l.25'll 
1.5011 
1.7512 
).00 12, 

I 
,2512 
,5013 
.7513 
,0013 

,2514 
,5014 
,75  14 
,00,15. 


3112 
,6312. 
9413. 
2513 

,56 13 
,8814 
,1914 
50 15. 

I 
8115 
13  15 
,44  16 
,7516 

I 
,0616 
,3817 
,6917 
OOilS. 


38  14.44  16.50  18.56  20 
7514.8817.00  19.13  21 
1315.31  17..50  19.69  21 
50 15.75  18.00  20.25  22. 

'  I  I 

8816.1918.50|20.81,23. 
2516.6319.00l21.38  23. 
6317.0619.50121.94^24. 
0017.5020.00  22.50  25. 


63  22.69  24.75  26.81 
25  23.38  25.50  27.63 
88I24.O6  26.25  28.44 
50  24.75  27.00  29.25 

!        I        I 

13  25.44  27.75  30.06 
7526.13  28.50  30.88 
38  26.81  29.25131.69 
00  27.50  30.00132.50 


,3817. 
,75  18. 
13  18. 
50 19. 

8819. 
,25  20. 
63  20. 
,00,21, 


94  20..50;23. 
3821.00:23, 
81  21. .50 124, 
25  22.00124, 

I 
6922..50  25, 
13  23.00' 25, 
.56  23.50126, 
00,24.00)27, 


06  25, 
63  26, 
19,26, 

,75  27. 

31128. 
88:28. 
44129. 
,00]  30, 


63  28 
25  28. 
88  29. 
50  30 

1330 
75:31 
.38  32 
.00i33 


19  .30.75  33. 
88  31.50  34. 
56  32.25  34. 
25  33.00  35. 

I 
,94!  33.75' 36. 
,63.34.50  37. 
31  35.25  38 
OOi  36.00, 39 


28.88  30.94 
29.7531.88 
30.63  32.81 
31.50  33.75 
I  t 

32.38  34.69 


33.25 
34.13 
35.00 


35.63 
36.56 
37.50 


31  35.88  38.44 
13  36.75.39.38 
94  37.63,40.31 
7538.5041.25 

56  39.38  42.19 
3840.25  43.13 
19:41.13  44.06 
,00|  42.00]  45.00i 


7.22  8.25;  9.28  10.31,11.34  12.38, 13.41!  14.44' 15.47, 16.50 
7.44  8.50:  9.56  10.63  11.69  12.75  13.8114.8815.94117.00 
7.66!  8.75  9.84  10.94  12.03  13.13  14.22  15.31  16.41  17..50 
7.88  9.00  10.13  11.25  12.38  13.50  14.63  15.75  16.88  18.00 

8.091  9-25!  10.41  1 1.56  12.72;  13.88  15.03'  1 6.19  17.34  18.50 
8.311  9.50  10.69|11.88ll3.06,14.25!l5.44jl6.63  17.8l!l9.00 
8.5.3  9.7510.97112.19  13.41  14.63;  15.84!  17.06!  18.281 19.50 
8.75  10.00;  11.25;  12.50, 13.75  15.00  16.25  17.50  18.75120.00 


20>2  1.281  2.5633.844  5.13  6.41|  7.69   8.97,10.25, 11.53, 12.81, 14.09  15.38  16.66  17.94  19.22  20.50 

21  1.313  2.6253.938  5.25  6.56'  7.88  9.19  10.5011.8113. 1314.44  15.75  17.06  18.38  19.69  21.00 
21 14  1-344  2.6884.031  5.38   6.72:  8.06  9.41 10.75, 12.09:13.44;i4. 78  16.13  17.4718.8120.16  21.50 

22  1.375  2.7504.125  5.50!  6.88  8.25  9.63  11.0012.3813.7515.13116.5017.88  19.25|20.63;22.00 

22H  1-406  2.8134.219  5.63;  7.03!  8.44  9.84  11.2512.66  14.06  15.47  16.S8|l8.28  19.69  21.09*22.50 

23  1.438  2.8754.313  5.751  7.19'  8.6310.0611.50  12.94  14.38  15.81  17.25  18.69  20.13|21..56!23.00 
23>^  1.469  2.9384.406  5.88   7..34  8.81  10.28  11.75  13.22  14.69  16.16  17.6319.09!20.56i22.03'23.50 

24  1.500  3.0004.500  6.00   7.50  9.0010.5012.00  13.50  15.00  16.50  18.00  19.50  21.00:22.50  24.00 


21.88  23.44;25.00 
22.75! 24.38  26.00 
23.631 25.31  [27.00 
24.50' 26.25  28.00 

I 
25.38  27.19  29.00 
26.251 28.13  30.00 
27. 13' 29.06  31.00 
28.00! 30.00  32.00 


33.00 
34.00 
35.00 
36.00 

37.00 
38.00 
39.00 
40.00 

41.00 
42.00 
43.00 
44.00 

45.00 
46.00 
47.00 
48.00 
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CARNEQIE    STEEL    COMPANY 


AREAS  OF  RECTANGULAR  SECTIONS- 
SQUARE  INCHES 


-Concluded 


Width, 
Inches 


100 


Thickness,  Inches 


Vie     Vs    3/i6    1/4     %6     %    ^Ao     Vi     »Ab     %    iyi6    ?4    i%e    %    i%g     1 


3.06 
3.13 
3.19 
3.25 

3.31 
3.38 
3.44 
3.50 

3.56 
3.63 
3.69 
3.75 

3.81 
3.88 
3.94 
4.00 

4.06 
4.13 
4.19 
4.25 

4.31 
4.38 
4.44 
4.50 

4.56 
4.63 
4.' 
4.75 

4.81 
4.88 
4.94 
5.00 

5.06 
5.13 
5.19 
5.25 

5.31 

5.38 
5.44 
5.50 

5..56 
5.63 
5.69 
5.75 

5.81 
5.88 
5.94 
6.00 

6.06 
6.13 
6.19 
6.25 


6.13 
6.25 
6.38 
6.50 

6.63 
6.75 

6.88 
7.00 

7.13 

7.25 
7.38 
7.50 

7.63 
7.75 

7.88 
8.00 

8.13 
8.25 
8.38 
8.50 

8.63 

8.75 
8.88 
9.00 

9.13 
9.25 
9.38 
9.50 

9.63 
9.75 

9.88 
10.00 

10.13 
10.25 
10.38 
10.50 

10.63 

10.75 
10.88 
11.00 

11.13 
11.25 
11. .38 
11.50 

11.63 
11.75 
11.88 
12.00 

12.13 
12.25 
12.38 
12.50 


9.94 
10.13 
10.31 
10.50 


10.6914.25 
10.88'l4.50 
11.06114.75 
11.25115.00 

11.4415.25 
11.6315.50 
11.81115.75 
12.0016.00 

12.1916.25 
12.38116.50 
12.56,16.75 
12.7517.00 


9.19  12.25 
9.3812.50 
9.56 12.75 
9.75 13.00 


13.25 
13.50 
13.75 
14.00 


12.94 
13.13 
13.31 
13.50 

13.69 
13.88 
14.06 
14.25 


17.25 
17.50 
17.75 
18.00 

18.25 
18.50 
18.75 
19.00 


14.44 19.25 
14.63^19.50 
14.8119.75 
15.0OJ20.00 

15.19'20.25 


15.38 
15.56 
15.75 

15.94 
16.13 
16.31 
16.50 

16.69 
16.88 
17.06 
17.25 

17.44 
17.63 

17.81 
18.00 

18.19 
18.38 
18.56 
18.75 


20.50 
20.75 
21.00 

21.25 
21.50 
21.75 
22.00 

22.25 
22  50 
22.75 
23.00 

23.25 
23.50 
23.75 
24.00 

24.25 
24.50 
24.75 
25.00 


60.63  66.69 
61.25: 67..38 
61.88  68.06 
62.50  68.75 


37.50 
.38.25 
39.00 

9.75 
40.50 
41.25 
42.00 

42.75 
43..50 
44.2, 
45.00 

45.75 
46.50 
47.25 
48.00 

48.75 
49.50 
50.25 
51.00 

51.75 
52.50 
53.25 

54.00 

54.75 
55.50 
56.25 
57.00 

57.75 
58.50 
59.25 
60.00 

60.75 
61.50 
62.25 
63.00 

63.75 
64.50 
65.25 
66.00 

66.75 
67.50 
68.25 
69.00 

69.75 
70.50 
71.25 
72.00 

72.75 
73.50 
74.25 
75.00 


39.81 
40.63 
41.44 
42.25 

43.06 
43.88 
44.69 
45.50 

46.31 

47.13 
47.94 
48.75 

49.56 
50.38 
51.19 
52.00 

52.81 
53.63 
54.44 
55.25 

56.06 
56.88 
57.69 
58.50 

59.31 
GO.  13 
60.94 
61.75 

62.56 
63.38 
64.19 
65.00 

65.81 
66.63 

67.44 
68.25 

69.06 
69.88 
70.69 
71.50 

72.31 
73.13 
73.94 

74.75 

75.56 
76.38 
77.19 
78.00 

78.81 
79.63 
80.44 
81.25 


42.88 
43.75 
44.03 
45.50 

46.38 
47.25 
48.13 
49.00 

49.88 
50.75 
51.63 
52.50 

53.38 
54.25 
55.13 
56.00 

56.88 
57.75 
58.63 
59.50 

60.38 
61.25 
62.13 
63.00 

63.88 
64.75 
65.63 
66.50 

67.38 
68.25 
69.13 
70.00 

70.88 
71.75 
72.63 
73.50 

74.38 
75.25 
76.13 
77.00 

77.88 
78.75 
79.63 
80.50 

81.38 
82.25 
83.13 
84.00 

84.88 
85.75 
86.63 
87.50 


45.941 49.C0 
46.88!  50.00 
47.81  51.00 
48.75  52.00 


49.69 
50.63 
51.56 
52.50 

53.44 
54.38 
55.31 
56.25 

57.19 
58.13 
59.06 
60.00 

60.94 
61.88 
62.81 
63 

64.69 
65.63 
66.56 
67.50 

68.44 
69.38 
70.31 
71.25 

72.19 
73.13 

74.1 
75.00 

75.94 

76.88 
77.81 
78.75 

79.69 
80.63 
81.56 
82.50 

83.44 
84.38 
85.31 
86.25 

87.19 
88.13 
89.06 
90.00 

90.94 
91.88 
92.81 
93.75 


53.00 
54.00 
55.00 
56.00 

57.00 
58.00 
59.00 
60.00 

61.00 
62.00 
63.00 
64.00 

65.00 
66.00 
67.00 
68.00 

69.00 
70.00 
71.00 
72.00 

73.00 
74.00 
75.00 
76.00 

77.00 
78.00 
79.00 
80.00 

81.00 
82.00 
83.00 
84.00 

85.00 
86.00 
87.00 
88.00 

89.00 
90.00 
91.00 
92.00 

93.00 
94.00 
95.00 
96.00 

97.00 
98.00 
99.00 
100.0 
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WEIGHTS  OF  FLAT   ROLLED  STEEL 


WEIGHTS  OF  FLAT  ROLLED  STEEL 

POUNDS  PER  LINEAL  FOOT 

Thickness,  Inches 

Width. 
Inches 

We 

hii 

%e 

y* 

%e 

% 

%6 

y2 

%e 

% 

1^8 

% 

1%« 

Vs 

me 

1 

V4 

.053 

.106 

.159 

.213 

.27 

.32 

.37 

.43 

.48 

.53 

.58 

.64 

.69 

.74 

.80 

.85 

¥2 

.106 

.213 

.319 

.425 

.53 

.64 

.74 

.85 

.96 

1.06 

1.17 

1.28 

1.38 

1.49 

1.59 

1.70 

% 

.159 

.319 

.478 

.638 

.80 

.96 

1.12 

1.28 

1.43 

1.59 

1.76 

1.91 

2.07 

2.23 

2.39 

2.55 

1 

.213 

.425 

.638 

.850 

1.06 

1.28 

1.49 

1.70 

1.91 

2.13 

2.34 

2.55 

2.76 

2.98 

3.19 

3.40 

I'i 

.266 

.531 

.797 

1.063 

1.33 

1.59 

1.86 

2.13 

2.39 

2.66 

2.92 

3.19 

3.45 

3.72 

3.98 

4.25 

IV2 

.319 

.638 

.956 

1.275 

1..59 

1.91 

2.23 

2.55 

2.87 

3.19 

3.51 

3.83 

4.14 

4.46 

4.78 

5.10 

l=*i 

.372 

.744 

1.116 

1488 

1.86 

2.23 

2.60 

2.98 

3.35 

3.72 

4.09 

4.46 

4.83 

5.21 

5.58 

5.95 

2 

.425 

.850 

1.275 

1.700 

2.13 

2.55 

2.98 

3.40 

3.83 

4.25 

4.68 

5.10 

5.53 

5.95 

6.38 

6.80 

2Vi 

.478 

.956 

1.434 

1.913 

2.39 

2.87 

3.35 

3.83 

4.30 

4.78 

5.26 

5.74 

6.22 

6.69 

7.17 

7.65 

'-J'/2 

.531 

1.063 

1.594 

2.125 

2.66 

3.19 

3.72 

4.25 

4.78 

5.31 

5.84 

6.38 

6.91 

7.44 

7.97 

8.,50 

2% 

.584 

1.169 

1.753 

2.338 

2.92 

3.51 

4.09 

4.68 

5.26 

5.84 

6.43 

7.01 

7.60 

8.18 

8.77 

9.35 

3 

.638 

1.275 

1.913 

2.550 

3.19 

3.83 

4.46 

5.10 

5.74 

6.38 

7.01 

7.65 

8.29 

8.93 

9.56 

10.20 

3V4 

.691 

1.881 

2.072 

2.763 

3.45 

4.14 

4.83 

5.53 

6.22 

6.91 

7.60 

8.29 

8.98 

9.67 

10.36 

11.05 

S'/a 

.744 

1.488 

2.231 

2.975 

3.72 

4.46 

5.21 

5.95 

6.69 

7.44 

8.18 

8.93 

9.67 

10.41 

11.16 

11.90 

3% 

.797 

1.594 

2.391 

3.188 

3.98 

4.78 

5.58 

6.38 

7.17 

7.97 

8.77 

9.56 

10.36 

11.16 

11.95 

12.75 

4 

.850 

1.700 

2.550 

3.400 

4.25 

5.10 

5.95 

6.80 

7.65 

8.50 

9.35 

10.20 

11.05 

11.90 

12.75 

13.60 

41,4 

.903 

1.806 

2.709 

3.613 

4.52 

5.42 

6.32 

7.23 

8.13 

9.03 

9.93 

10.84 

11.74 

12.64 

13.55 

14.45 

41/2 

.956 

1.913 

2.869 

3.825 

4.78 

5.74 

6.69 

7.65 

8.61 

9..56 

10.52 

11.48 

12.43 

13.39 

14.34 

15.30 

4=^4 

1.000 

2.019 

3.028 

4.038 

5.05 

6.06 

7.07 

8.08 

9.08 

10.09 

11.10 

12.11 

13.12 

14.13 

15.14 

16.15 

5 

1.063 

2.125 

3.188 

4.250 

5.31 

6.38 

7.44 

8.50 

9.56 

10.63 

11.69 

12.75 

13.81 

14.88 

15.94 

17.00 

5^4 

1.116 

2.231 

3.347 

4.463 

5.58 

6.69 

7.81 

8.93 

10.04 

11.16 

12.27 

13.39 

14.50 

15.62 

16.73 

17.85 

svi 

1.169 

2.338 

3.506 

4.675 

5.84 

7.01 

8.18 

9.35 

10.52 

11.60 

12.86 

14.03 

15.19 

16.36 

17.53 

18.70 

5% 

1.222 

2.444 

3.666 

4.888 

6.11 

7.33 

8.55 

9.78 

11. fX) 

12.22 

13.44 

14,66 

15.88 

17.11 

18.33 

19.55 

6 

1.275 

2.550 

3.825 

5.100 

6.38 

7.65 

8.93 

10.20 

11.48 

12.75 

14.03 

15..30 

16.58 

17.85 

19.13 

20.40 

6V4 

1..328 

2.656 

3.984 

5.313 

6.64 

7.97 

9.30 

10.63 

11.95 

13.28 

14.61 

15.94 

17.27 

18.59 

19.92 

21.25 

evfl 

1.381 

2.763 

4.144 

5.525 

6.91 

8.29 

9.67 

11.05 

12.43 

13.81 

15.19 

16.58 

17.96 

19..34 

20.72 

22.10 

6% 

1.434 

2.869 

4.303 

5.7.38 

7.17 

8.61 

10.04 

11.48 

12.91 

14.34 

15.78 

17.21 

18.65 

20.08 

21.52 

22.95 

7 

1.488 

2.975 

4.463 

5.950 

7.44 

8.93 

10.41 

11.90 

13.39 

14.88 

16.36 

17.85 

19.34 

20.83 

22.31 

23.80 

7Vi 

1..54I 

3.081 

4.622 

6.163 

7.70 

9.24 

10.78 

12.33 

13.87 

1541 

16.95 

18.49 

20.03 

21. .57 

23.11 

24.65 

1V2 

l.o'Ji 

3.188 

4.781 

6.375 

7.97 

9.56 

11.16 

12.75 

14.34 

15.94 

17.53 

19.13 

20.72 

22.31 

23.91 

25.50 

Wi 

1.647 

3.294 

4.941 

6.588 

8.23 

9.88 

11. .53 

13.18 

14.82 

1647 

18.12 

19.76 

2141 

23.06 

24.70 

26.35 

8 

1.700 

3.400 

5.100 

6.800 

8.50 

10.20 

11.90 

13.60 

15.30 

17.00 

18.70 

20.40 

22.10 

23.80 

25.50 

27.20 

SVi 

1.753 

3.506 

5.259 

7.013 

8.77 

10.52 

12.27 

14.03 

15.78 

17.53 

19.28 

21.04 

22.79 

24.54 

26.30 

28.05 

8^ 

1.806 

3.613 

5.419 

7.225 

9.03 

10.84 

12.64 

14.45 

16.26 

18.06 

19.87 

21.68 

23.48 

25.29 

27.09 

28.90 

8% 

1.859 

3.719 

5.578 

7.438 

9.30 

11.16 

13.02 

14.88 

16.73 

18.59 

20.45 

22.31 

24.17 

26.03 

27.89 

29.75 

9 

1.913 

3.825 

5.738 

7.650 

9.56 

11.48 

13.39 

15.30 

17.21 

19.13 

21.04 

22.95 

24.86 

26.78 

28.69 

30.60 

«V4 

1.966 

3.931 

5.897 

7.863 

9.83 

11.79 

13.76 

15.73 

17.69 

19.66 

21.62 

23.59 

25.55 

27. .52 

2948 

31.45 

9^3 

2.019 

4.038 

6.056 

8.075 

10.09 

12.11 

14.13 

16.15 

18.17 

20.19 

22.21 

24.23 

26.24 

28.26 

30.28 

.32.30 

9y4 

2.072 

4.144 

6.216 

8.288 

10.36 

1243 

14.50 

16..58 

18.65 

20.72 

22.79 

24.86 

26.93 

29.01 

31.08 

.33.15 

10 

2.125 

4.250 

6.375 

8.500 

10.63 

12.75 

14.88 

17.00 

19.13 

21.25 

23.38 

25.50 

27.63 

29.75 

31.88 

34.00 

J0V4 

2.178 

4.356 

6.5.34 

8.713 

10.89 

13.07 

15.25 

17.43 

19.60 

21.78 

23.96 

26.14 

28. .32 

3049 

32.67 

34.85 

lO'/a 

2.231 

4.463 

6.694 

8.925 

11.10 

13.30 

15.62 

17.85 

20.08 

22.31 

24  ..54 

26.78 

29.01 

31.24 

3347 

35.70 

10«.4 

2.284 

4..'569 

6.853 

9.138 

11.42 

13.71 

15.99 

18.28 

20.56 

22.84 

25.13 

2741 

29.70 

31.98 

34,27 

36.55 

11 

2.338 

4.675 

7.013 

9.350 

11.69 

14.03 

16.36 

18.70 

21.04 

23.38 

25.71 

28.05 

30.39 

32.73 

35.06 

37.40 

lH/4 

2.391 

4.781 

7.172 

9.563 

11.95 

14.34 

16.73 

19.13 

21. .52 

23.91 

26.30 

28.69 

31.08 

.33.47 

35.86 

38.25 

11% 

2.444 

4.888 

7.331 

9.775 

12.22 

14.66 

17.11 

19. .55 

21.99 

24.44 

26.88 

29.33 

31.77 

34.21 

.36.66 

39.10 

11% 

2.497 

4.994 

7.491 

9.988 

12.48 

14.98 

17.48 

19.98 

22.47 

24.97 

27.47 

29.96 

32.46 

.34.96 

3745 

39.95 

12 

2.550 

5.100 

7.650 

10.20 

12.75 

15.30 

17.85 

20.40 

22.95 

25.50 

28.05 

30.60 

33.15 

35.70 

38.25 

40.80 
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CARNEQIE    STEEL    COMPANY 


WEIGHTS  OF  FLAT  ROLLED  STEEL— Continued 

POUNDS  PER  LINEAL  FOOT 


Thickness,  Inches 


l/io  VS  ?io  14  5/^g  3/g  7^ig  1/2  %g  B/g  1^1,,  8/^  l^g  7/g  15^g  1 


2.66 
2.76 

2.87 
2.98 

3.08 
3.19 
3.29 
3.40 

3.51 
3.61 
3.72 
3.83 

3.93 
4.04 
4.14 
4.25 

4.36 
4.46 
4.57 
4.68 

4.78 
4.89 
4.99 
5.10 

5.31 
5.53 
5.74 
5.95 

6.16 
6.38 
6.59 
6.80 

7.01 
7.23 
7.44 
7.65 


5.31 
5.53 
5.74 
5.95 

6.16 
6.38 
6.59 


7.01 
7.23 
7.44 
7.65, 


8.29! 
8.50] 


7.97  10.63 
8.2911.05 
8.6111.48 
8.9311.90 


9.24 
9.56 
9 
10.20 


13.28 
13.81 
14.34 

14.88 


15.94  18.59 
16.58il9.34 
17.21  20.08 
17.8520.83 


12.33 
12.75 
13.18 
13.60 


15.4118.4921.57 
15.9419.13  22.31 
16.4719.7623.06 
17.00  20.40^23.80 


21.25 
22.10 
22.95 
23.80 

24.65 
25.50 
26.35 
27.20 


23.91 

24.86 
25.82 
26.78 

27.73 
28.69 
29.64 
30.60 


26.56 
27.63 
28.69 
29.75 

30.81 
31.88 
32.94 
34.00 


29.2 
30.4 
31.6 
32.7 

33.9 
35.1 
36.2 
37.4 


31.9 
33.2 
34.4 
35.7 

37.0 
38.3 
39.5 

40.8 


34.5 
35.9 
37.3 
38.7 

40.1 

41.4 
42.8 
44.2 


37.2 

38.7 
40.2 
41.7 

43.1 
44.6 
46.1 
47.6 


10.52  14.03 
10.84  14.45 
11.1614.88 
11^815.30 

I 
11.79,15.73 
12.1116.15 
12.43il6.58 
12.7517.00 


17.53  21.04  24.54  28.05  31.56  35.06  38.6  42.1  45.6  49.1 
18.0621.6825.29l28.90  32.5136.13  39.7  43.4  47.0  .50.6 
18.59  22.3126.03  29.75i33.47, 37,19   40.9 


19.13  22.95  26.78:30.60 


19.6623.5927.52 
20.1924.2328.26 
20.72  24.8629.01 
21.25,25.5029.75 


!.7l!l3.07,17. 
!.93 13.3917. 


13.7118 
14.03!l8 


1.5614.3419 
1.7814.6619, 
1.9914.9819, 
1.2015.3020 


21.7826, 
22.3126 
22.84  27 
23.3828, 

23,91128, 
24.44129, 
24.9729, 
25.5030 


10.63!l5.94i21.25 
11.0516.58:22.10 
11.48117.2122.95 
11.90il7.85i23.80 


1430.49 
7831.24 
.41131.98 
05'32.73 

,6933.47 
33i34.21 
,96134.96 
60135.70 


26.5631.8837.19 
27.6333.1538.68 
28.6934.43k0.16 
29.7535.70:41.65 


12.3318.49  24.65  30.8136.9843.14 
12.75|19.13  25.50  31 .88  38.25  44.63 
13.1819.76  26.35  32.94  39.5346.11 
13.6020.40:27.2034.00,40.8047.60 


8.29 
8.50 

8.71 
8.93 
9.14 
9.35 

9.56 
9.78 
9.99 
10.20 


14.0321. 
14.45i21. 

14.88|22. 
15.3022. 

15.73123 
16.15124 
16.58124 
17.0025, 


,04|28. 
,68:28. 
,3129. 
,95:30. 

,59'31, 
.23132, 
.8633 
.5034 


0535.0642.0849.09 
,9036.1343.3550.58 
,7537.19'44.63!.52.06 
,6038.25145.90,53.55 


39.3147.1855.04  62.90 
40.38,48.4556.53  64.60 
41.4449.73  58.01  66.30 
42.50|51.00i59.50  68.00 


17.43 
17.85 
18.28 
18.70 


26.14 
26.78 
27.41 
28.05 


34.85 
35 

36.55 
37.40 


31.45 
32.30 
33.15 
34.00 

34.85 
35.70 
36.55 
37.40 

38.25 
39.10 
39.95 
40.80 

42.50 
44.20 
45.90 
47.60 

49.30 
51.00 
52.70 
54.40 


34.43 

35.38 
36.34 
37.29 
38.25 

39.21 
40.16 
41.12 
42.08 

43.03 
43.99 
44.94 
45.90 

47.81 
49.73 
51.64 
53.55 

55.46 
57.38 
59.29 
61.20 


56.10  63.11 
57.80  65.03 
59..501 66.94 
61.20  68.85 


43.56:52.2860.99 

63i53.55|62.48 

45.69,54.83  63.96 

46.75;56.10j65.45 

47.8l|57.38'66.94 
48.8858.65|68.43 
49.9459.93  69.91 


19.13  28.69  38.25 
19.55!29.33{39.10 
19.98|29.96  39.95 
20.4030.6040.8051.00161.20)71.40 


69.70 
71.40 
73.10 
74.80 

76.50 
78.20 
79.90 
81.60 

104 


70.76 
72.68 
74.59 
76.50 

78.41 
80.33 
82.24 
84.15 

86.06 
87.98 


38.251  42.1 


39.31 
40.38 
41.44 
42.50 

43.56 
44.63 
45.69 
46.75 

47.81 
48.88 
49.94 
51.00 

53.13 
55.25 
57.38 
59.50 

61.63 
63.75 
65.88 
68.00 

70.13 
72.25 
74.38 
76.50 

78.63 
80.75 
82.88 
85.00 

87.13 
89.25 
91.38 
93.50 

95.63 
97.75 


91.80  102.0 


43.2 
44.4 
45.6 

46.8 

47.9 
49.1 
50.3 
51.4 

52.6 
53.8 
54.9 
56.1 

58.4 
60.8 
63.1 
65.5 

67.8 
70.1 

72.5 
74.8 

77.1 
79.5 

81.8 
84.2 

86.5 
88.8 
91.2 
93.5 


44.6    48.3 
45.91  49.7 


47.2 
48.5 
49.7 
51.0 


51.1 
52.5 
53.9 
55.3 


52.3    56, 
53.6   58 


54.8 
56.  i 

57.4 
58.7 
59.9 
61.2 

63.8 
66.3 
68.9 
71.4 

74.0 
76.5 
79.1 
81.6 

84.2 
86.7 
89.3 
91.8 

94.4 
96.9 
99.5 
102^0;  110.5 


69.1 

71.8 
74.6 
77.4 

80.1 
82.9 
85.6 
88.4 

91.2 
93.9 
96.7 
99.5 

102.2 
105.0 
107.7 


95.8  104.6,113.3 
98.2  107.1  116.0 
100.5  109.7  118.8 
102.9  112.2  121.6 


105.2 
107.5 
109.9 
112.2 


52.1 
53.6 

S5.0 
56.5 
58.0 
59:5 

61.0 
62.5 
64.0 
65.5 

66.9 
68.4 
69.9 
71.4 

74.4 
77.4 
80.3 
83.3 

86.3 
89.3 
92.2 
95.2 

98.2 
101.2 
104.1 
107.1 

110.1 
113.1 
116.0 
119.0 

122.0 
125.0 
127.9 
130.9 


39.8 
41.4 
43.0 
44.6 

46.2 
47.8 
49.4 
51.0 

52.6 
54.2 
55.8 
57.4 

59.0 
60.6 
62.2 
63.8 

65.3 
66.9 
68.5 
70.1 

71.7 
73.3 
74.9 
76.5 

79.7 
82.9 
86.1 
89.3 

92.4 
95.6 
98.8 
102.0 

105.2 
108.4 
111.6 
114.8 


42.5 
44.2 
45.9 
47.6 

49.3 
51.0 
52.7 
54.4 

56.1 
57.8 
59.5 
61.2 

62.9 
64.6 
66.3 
68.0 

69.7 
71.4 
73.1 

74.8 

76.5 

78.2 

79. 

81.6 

85.0 
88.4 
91.8 
95.2 

98.6 
102.0 
105.4 
108.8 

112.2 
115.6 
119.0 
122.4 


117.9  125.8 
121.11129.2 
124.31 132.6 
127.5  136.0 


130.7 
133.9 
137.1 


139.4 
142.8 
146.2 


140.3149.6 


114.8  124.3  133.9 
117.3  127. 1|  136.9 

119.9  129.8  139.8 
I22.4I  132.61 142.8 


WEIGHTS   OF   FLAT   ROLLED   STEEL 


WEIGHTS  OF  FLAT  ROLLED  STEEL— Concluded 

POUNDS  PER  LINEAL  FOOT 

Thickness,  Inches 

Width, 
Inches 

He 

% 

%6 

y* 

%6 

% 

%6 

¥2 

%o 

% 

lyia 

% 

me 

Vs 

1%,, 

1 

49 

10.4 

20.8 

31.2 

41.7 

52.1 

62.5 

72.9 

83.3 

93.7 

104.1 

114.5 

125.0 

135.4 

145.8 

150.2 

166.6 

50 

10.6 

21.3 

31.9 

42.5 

53.1 

63.8 

74.4 

85.0 

95.6 

106.3 

116.9 

127.5 

138.1 

148.& 

159.4 

170.0 

51 

10.8 

21.7 

32.5 

43.4 

54.2 

65.0 

75.9 

86.7 

97.5 

108.4 

119.2 

130.1 

140.9 

151.7 

162.0 

173.4 

52 

11.1 

22.1 

33.2 

44.2 

55.3 

66.3 

77.4 

88.4 

99.5 

110.5 

121.6 

132.0 

143.7 

154.7 

105.8 

176.8 

53 

11.3 

22.5 

33.8 

45.1 

56.3 

67.6 

78.8 

90.1 

101.4 

112.6 

123.9 

135.2 

146.4 

157.7 

108.9 

180.2 

54 

11.5 

23.0 

34.4 

45.9 

57.4 

68.9 

80.3 

91.8 

103.3 

1 14.8 

126.2 

137.7 

149.2 

160.7 

172,1 

183.6 

55 

11.7 

23.4 

35.1 

46.8 

58.4 

70.1 

81.8 

93.5 

105.2 

116.9 

128.6 

140.3 

151.9 

163.0 

175.3 

187.0 

56 

11.9 

23.8 

35.7 

47.6 

59.5 

71.4 

83.3 

95.2 

107.1 

119.0 

130.9 

142.8 

154.7 

106.0 

178.5 

190.4 

57 

12.1 

24.2 

36.3 

48.5 

60.6 

72.7 

84.8 

90.9 

109.0 

121.1 

133.2 

145.4 

157.5 

109.6 

181.7 

193.8 

58 

12.3 

24.7 

37.0 

49.3 

61.6 

74.0 

86.3 

98.0 

110.9 

123.3 

135.0 

147.9 

100.2 

172.6 

184.9 

197.2 

59 

12.5 

25.1 

37.0 

50.2 

62.7 

75.2 

87.8 

100.3 

112.8 

125.4 

137.9 

150.5 

103.0 

175.5 

188.1 

200.6 

60 

12.8 

25.5 

38.3 

51.0 

63.8 

76.5 

89.3 

102.0 

114.8 

127.5 

140.3 

153.0 

105.8 

178.5 

191.3 

204.0 

61 

13.0 

25.9 

38.9 

51.9 

64.8 

77.8 

90.7 

103.7 

116.7 

129.6 

142.0 

1.55.0 

108.5 

181.5 

194.4 

207.4 

62 

13.2 

26.4 

39.5 

52.7 

65.9 

79.1 

92.2 

105.4 

118.6 

131.8 

144.9 

158.1 

171.3 

184.5 

197.0 

210.8 

63 

13.4 

26.8 

40.2 

53.6 

66.9 

80.3 

93.7 

107.1 

120.5 

133.9 

147.3 

100.7 

174.0 

187.4 

200.8 

214.2 

64 

13.6 

27.2 

40.8 

54.4 

68.0 

81.6 

95.2 

108.8 

122.4 

136.0 

149.6 

103.2 

170.8 

190.4 

204.0 

217.6 

65 

13.8 

27.6 

41.4 

55.3 

69.1 

82.9 

96.7 

110.5 

124.3 

138.1 

151.9 

105.8 

179.0 

193.4 

207.2 

221.0 

66 

14.0 

28.1 

42.1 

56.1 

70.1 

84.2 

98.2 

112.2 

126.2 

140.3 

154.3 

108.3 

182.3 

196.4 

210.4 

224.4 

67 

14.2 

28.5 

42.7 

57.0 

71.2 

85.4 

99.7 

113.9 

128.1 

142.4 

150.0 

170,9 

185.1 

199.3 

213.6 

227.8 

«8 

14.5 

28.9 

43.4 

57.8 

72.3 

86.7 

101.2 

115.6 

130.1 

144.5 

159.0 

173.4 

187.9 

202.3 

216.8 

231.2 

69 

14.7 

29.3 

44.0 

58.7 

73.3 

88.0 

102.6 

117.3 

132.0 

146.0 

161.3 

170.0 

190.6 

205.3 

219.9 

234.6 

70 

14.9 

29.8 

44.6 

59.5 

74.4 

89.3 

104  1U19.0 

133.9 

148.8 

163.0 

178.5 

193.4 

208.3 

223.1 

238.0 

71 

15.1 

30.2 

45.3 

60.4 

75.4 

90.5 

105.0:120.7 

135.8 

150.91166.0 

181.1 

196.1 

211.2 

226.3 

241.4 

72 

15.3 

30.6 

45.9 

61.2 

76.5 

91.8 

107.1  122.4 

137.7 

153.0  168.3 

183.6 

198.9 

214.2 

229.5 

244.8 

73 

15.5 

31.0 

46.5 

62.1 

77.6 

93.1 

108.61124.1 

139.6 

155.1 

170.0 

186.2 

201.7 

217.2 

232.7 

248.2 

74 

15.7 

31.5 

47.2 

62.9 

78.6 

94.4 

110.1  125.8 

141.5 

157.3 

173.0 

188.7 

204.4 

220.2 

235.9 

251.6 

75 

15.9 

31.9 

47.8 

63.8 

79.7 

95.6 

111.0  127.5 

143.4 

159.4 

175.3 

101.3 

207.2 

223.1 

239.1 

2.55.0 

76 

16.2 

32.3 

48.5 

64.6 

80.8 

96.9 

113.1  129.2 

145.4 

161.5 

177.7  193.8 

210.0 

226.1 

242.3 

258.4 

77 

16.4 

32.7 

49.1 

65.5 

81.8 

98.2 

114.5  130.9 

147.3 

103.0 

180.0 

196.4 

212.7 

229.1 

245.4 

261.8 

78 

16.6 

33.2 

49.7 

66.3 

82.9 

99.5 

110.0132.0 

149.2 

105.8 

182.3 

198.9 

215.5 

232.1 

248.6 

265.2 

79 

16.8 

33.6 

50.4 

67.2 

83.9100.7 

117.5  1.34.3 

151.1 

107.9 

184.7 

201.5 

218.2 

235.0 

251.8 

268.6 

80 

17.0 

34.0 

51.0 

68.0 

85.0 102.0 119.0|  136.0 

153.0 

170.0 

187.0 

204.0 

221.0 

238.0 

255.0 

272.0 

81 

17.2 

34.4 

51.6 

68.9 

86.1 103.3 

120.5  137.7 

154.9 

172.1 

189.3 

206.0 

223.8 

241.0 

258.2 

275.4 

82 

17.4 

34.9 

52.3 

69.7 

87.1 104.6 

122.0  139.4 

156.8 

174.3 

191.7 

209.1 

226.5 

244.0 

261.4 

278.8 

83 

17.6 

35.3 

52.9 

70.6 

88.2  105.8 

123.5  141.1 

1.58.7 

176.4 

194.0 

211.7 

229.3 

240.9 

204.0 

282.2    ; 

84 

17.9 

35.7 

53.6 

71.4 

89.3107.1 

125.0,142.8 

160.7 

178.5 

190.4 

214.2 

232.1 

249.9 

267.8 

285.6    i 

85 

18.1 

36.1 

54.2 

72.3 

90.31108.4 

120.4  144.5 

162.6 

180.6 

198.7 

216.8 

234.8 

252.9 

270.9 

289.0 

86 

18.3 

36.6 

54.8 

73.1 

91.4  109.7 

127.9i  146.2 

164.5 

182.8 

201.0 

219.3 

237.6 

255.9 

274.1 

292.4 

87 

18.5 

37.0 

55.5 

74.0 

92.4110.9 

129.4  147.9 

166.4 

184.9 

203.4 

221.9 

240.3 

258.8 

277.3 

295.8 

88 

18.7 

37.4 

56.1 

74.8 

93.5112.2 

130.9  149.6 

168.3 

187.0 

205.7 

224.4 

243.1 

261.8 

280.5 

299.2 

89 

18.9 

37.8 

56.7 

75.7 

94.01 13.5 

132.4  151.3 

170.2 

189.1 

208.0 

227.0 

245.9 

264.8 

283.7 

302.6 

90 

19.1 

38.3 

57.4 

76.5 

95.6  114.S  133.9 

153.0 

172.1 

191.3 

210.4 

229.5 

248.6 

267.8 

286.9 

.300.0 

91 

19.3 

38.7 

58.0 

77.4 

96.7116.01.35.4 

1.54.7!  174.0 

193.4 

212.7 

232.1 

251.4 

270.7 

290.1 

309.4 

92 

19.6 

39.1 

58.7 

78.2 

97.8 

117..3  130.9 

156.4 

176.0 

195.5 

215.1 

234.6 

254.2 

273.7 

293.3 

312.8 

93 

19.8 

39.5 

59.3 

79.1 

98.8 

11 8.0  J  .38.3 

158.1 

177.9 

197.6 

217.4 

237.2 

256.9 

276.7 

296.4 

316.2 

94 

20.0 

40.0 

59.9 

79.9  99.9 

119.9|1.?9.8 

159.8 

179.8 

199.8 

219.7 

239.7 

2.59.7 

279.7 

299.6 

319.6 

95 

20.2 

40.4 

60.6 

80.8  100.9 

121.1141.3 

161.5 

181.7 

201.9 

222.1 

242.3 

202.4 

282.0 

302.8 

323.0 

96 

20.4 

40.8 

61.2 

81.6 

102.0 

122.41142.8 

163.2 

183.6 

204.0 

224.4 

244.8 

205.2 

285.0 

306.0 

326.4 

97 

20.6 

41.2 

61.8 

82.5 

103.1 123.7  144.3 

164.9 

185.5 

200.1 

220.7 

247.4 

268.0 

288.6 

309.2 

329.8 

98 

20.8 

41.7 

62.5 

83.3 

104.1il2.5.0'l45.8 

106.6 

187.4 

208.3 

229.1 

249.9 

270.7 

291.6 

312.4 

333.2 

99 

21.0 

42.1 

63.1 

84.2 

105.2126.2,147.3 

168.3 

189.3 

210.4 

231.4  2,52,5 

273.5 

294.5 

315.6 

336.6 

100 

21.3 

42.5 

63.8 

85.0 

106.3,127.5|l48.8 

170.0 

191.3 

212.51233.8,255.0 

276.3 

297.5  318.8 

4^0.0 

105 


CARNEGIE    STEEL    COMPANY 


SQUARE  AND  ROUND  BARS 

WEIGHTS  AND  AREAS 


Size, 

Weight,  Lbs. 
per  Foot 

Area,  Square 
Inches 

Size, 

Weight,  Lbs. 
per  Foot 

1 

Area,  Square 
Inches 

Inches 

Inches 

D 

o 

D 

o 

D   O 

D  ■ 

o 

0 

.013 
.053 
.120 

.010 
.042 
.094 

.0039 
.0156 
.0352 

.0031 
.0123 
.0276 

i  3 

!  Via 

%6 

30.60 
31.89 
33.20 
34.54 

24.03 
25.05 
26.08 
27.13 

9.000 

9.379 

9.766 

10.160 

7.069 
7.366 
7.670 
7.9S0 

% 

.213 
.332 
.478 
.651 

.167 
.261 
.376 
.511 

.0625 
.0977 
.1406 
.1914 

.0491 
.0767 
.1105 
.1503 

y* 

% 
%0 

35.91 
37.31 
38.73 
40.18 

28.21 
29.30 
30.42 
31.55 

10.563 
10.973 
11.391 
11.816 

8.296 
8.618 
8.946 
9.281 

% 

.850 
1.076 
1.328 
1.607 

.668 

.845 

1.043 

1.262 

.2500 
.3164 
.3906 
.4727 

.1963 
.2485 
.3068 
.3712 

% 

41.65 
43.15 
44.68 
46.23 

32.71 
33.89 
35.09 
36.31 

12.250 
12.691 
13.141 
13.598 

9.621 

9.968 

10.321 

10.680 

% 

% 

1.913 

2.245 
2.603 
2.988 

1.502 
1.763 
2.044 

2.347 

.5625 
.6602 
.7656 

.8789 

.4418 
.5185 
.6013 
.6903 

3/4 

% 
1%8 

47.81 
49.42 
51.05 
52.71 

37.55 
38.81 
40.10 
41.40 

14.063 
14.535 
15.016 
15.504 

11.045 
11.416 
11.793 
12.177 

1 

Mb 

Vs 

3.400 
3.838 
4.303 
4.795 

2.670 
3.015 
3.380 
3.766 

1.0000 
1.1289 
1.2656 
1.4102 

.7854 

88.66 

.9940 

1.1075 

4 
Vie 

%6 

54.40 
56.11 
57.85 
59.62 

42.73 
44.07 

45.44 
46.83 

16.000 
16.504 
17.016 
17.535 

12.506 
12.962 
13.364 

13.772 

% 

5.313 

5.857 
6.428 
7.026 

4.172 
4.600 
5.049 
5.518 

1.5625 
1.7227 
1.8906 
2.0664 

1.2272 
1.3.530 
1.4849 
1.6230 

y* 

% 
yio 

61.41 
63.23 
65.08 
66.95 

48.23 
49.66 
51.11 
52.58 

18.063 
18.598 
19.141 
19.691 

14.186 
14.607 
15.033 
15.466 

y2 

7.650 
8.301 

8.978 
9.682 

6.008 
6.519 
7.051 
7.604 

2.2500 
2.4414 
2.6406 

2.8477 

1.7671 
1.9175 
2.0739 
2.2365 

ys 
%« 
% 

1^0 

68.85 
70.78 
72.73 
74.71 

54.07 
55.59 
57.12 
58.67 

20.250 
20.816 
21.391 
21.973 

15.904 
16.349 
16.800 
17.257 

78 
-  1%« 

10.413 
11.170 
11.953 
12.763 

8.178 

8.773 

9.388 

10.024 

3.0625 
3.2852 
3.5156 
3.7539 

2.4053 
2.5802 
2.7612 
2.9483 

76.71 

78.74 
80.80 
82.89 

60.25 
61.85 
63.46 
65.10 

22.563 
23.160 
23.766 
24.379 

17.721 
18.190 
18.665 
19.147 

2 

Mu 
% 

13.600 
14.463 
15.353 
16.270 

10.681 
11.359 
12.058 
12.778 

4.0000 
4.2539 
4.5156 
4.7852 

3.1416 
3.3410 
3.5466 
3.7583 

5 

yi« 

85.00 
87.14 
89.30 
91.49 

66.76 
68.44 
70.14 
71.86 

25.000 
25.629 
26.266 
26.910 

19.635 
20.129 
20.629 
21.135 

9'8 
%8 

17.213 
18.182 
19.178 
20.201 

13.519 
14.280 
15.062 
15.866 

5.0625 
5.3477 
5.6406 
5.9414 

3.9761 
4.2000 
4.4301 
4.6664 

% 

93.71 

95.96 

98.23 

100.53 

73.60 
75.36 
77.15 
78.95 

27.563 
28.223 
28.891 
29.566 

21.648 
22.166 
22.691 
23.221 

y2 

»A« 

% 

1^0 

21.2.50 
22.326 
23.428 
24.557 

16.690 
17.534 
18.400 
19.287 

6.2500 
6.5664 
6.8906 
7.2227 

4.9087 
5.1572 
5.4119 
5.6727 

1/2 
% 

102.85 
105.20 
107.58 
109.98 

80.78 
82.62 
84.49 
86..38 

.30.2.50 
30.941 
31.641 
32.348 

23.758 
24.301 
24.850 
25.406 

^4 
1%6 

25.713 
26.895 
28.103 
29.338 

20.195 
21.123 

22.072 
23.042 

7.5625 
7.9102 
8.2656 
8.6289 

5.9.396 
6.2126 
6.4918 
6.7771 

% 
1%0 

112.41 
114.87 
117.35 
119.86 

88.29 
90.22 
92.17 
94.14 

33.063 
33.785 
34.516 
35.254 

25.967 
26.535 
27.109 

27.688 

3  . 

30.600 

24.033 

9.0000 

7.0686 

6 

122.40 

96.13 

36.000 

28.274 
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WEIGHTS  OF 

BAR 

SQUARE  AND  ROUND  BARS 

WEIGHTS 

AND   AREAS 

Size, 

1 

1      Wdght,  Lbs. 
per  Foot 

Area,  Square 
Inches 

Size, 

Weight,  Lbs. 
per  Foot 

Area,  Square 
Inches 

Inches 

Inches 

D 

o 

D 

0 

D 

0 

D 

0 

6 

122.40 
124.96 
127.55 
130.17 

96.13 

98.15 

100.18 

102.23 

36.000 
36.754 

37.516 
38.285 

28.274 
28.866 
29.405 
30.069 

9 

Vic 

Vs 
84g 

275.40 
279.24 
283.10 
286.99 

216.30 
219.31 
222.35 
225.41 

81.000 

82.129 
83.266 
84.410 

63.617 
64.504 
65. .397 
66.296 

y* 

132.81 
135.48 
138.18 
140.90 

104.31 
106.41 
108.53 
110.66 

39.063 
39.848 
40.641 
41.441 

30.680 
31.296 
31.919 
32.548 

290.91 
294.86 
298.83 
302.83 

228.48 
231.58 
234.70 
237.84 

85.563 
86.723 
87.891 
89.066 

67.201 
68.112 
69.029 
69.953 

143.65  1  112.82 
146.43  i  115.00 
149.23     117.20 
152.06    119.43 

42.2.50 
43.066 
43.891 
44.723 

33.183 
33.824 
34.472 
35.125 

V2 

% 

iHe 

306.85 
310.90 
314.98 
319.08 

241.00 
244.18 
247.38 
250.61 

90.250 
91.441 
92.641 
93.848 

70.882 
71.818 
72.760 
73.708 

154.91     121.67  1  45.563 
157.79    123.93     46.410 
160.70  ;  126.22     47.266 
163.64  {  128.52     48.129 

35.785 
36.4.50 
37.122 
37.800 

% 

1%8 

323.21 
327.37 
331.55 
335.76 

253.85 
257.12 
260.40 
263.71 

95.063 
96.285 
97.516 
98.754 

74.662 
75.622 
76.589 
77.561 

7 
Vie 

166.60 
169.59 
172.60 
175.64 

1.30.85 
1.33.19 
135.56 
137.95 

49.000 
49.879 
50.766 
51.660 

38.485 
39.175 
39.871 
40.574 

10 

Vie 

Vs 

%6 

340.00 
344.26 
348.55 
352.87 

267.04 
270.38 
273.75 
277.14 

100.000 
101.2.54 
102.516 
103.785 

78.540 
79.525 
80.516 
81.513 

% 

178.71 
181.81 
184.93 
188.07 

140.36 
142.79 
145.24 
147.71 

52.563 
53.473 
54.391 
55.316 

41.282 
41.997 
42.718 
43.445 

5/16 
% 

''Aa 

357.21 
361.58 
365.98 
370.40 

280.55 
283.99 
287.44 
290.91 

105.063 
106.348 
107.641 
108.941 

82.516 
83.525 
84.541 
85.563 

% 
Hi« 

191.25 
194.45 
197.68 
200.93 

150.21 
1.52.72 
1.55.26 
157.81 

56.2o0 
57.191 
58.141 
59.098 

44.179 
44.918 
45.604 
46.415 

VI. 

»/l6 

% 

iVie 

374.85 
379.33 
383.83 
388.36 

294.41 
297.92 
301.46 
305.02 

110.250 
111.566 
112.891 
114.223 

86.590 
87.624 
88.664 
89.710 

% 

204.21 
207.52 
210.85 
214.21 

160.39     60.063  '  47.173 
162.99  j  61.035:47.937 
165.60  ;  62.016   48.707 
168.24  1  63.004  |  49.483 

392.91 
397.49 
402.10 
406.74 

308.59 
312.19 
315.81 
319.45 

115.563 
116.910 
118.266 
119.629 

90.763 
91.821 
92.886 
93.957 

8 

Mo 

217.60 
221.01 
224.45 
227.92 

170.90 
173.58 
176.29 
179.01 

64.000 
65.004 
66.016 
67.035 

.50.265  ; 
51.0.54 
51.849; 
52.649 

11 

^Aa 

V's 

411.40 
416.09 
420.80 
425.54 

323.11 
326.80 
330..50 
334.22 

121.000 
122.379 
123.766 
125.160 

95.033 
96.116 
97.205 
98.301 

% 

-'An 

231 .41 
234.93 
238.48 
242.05 

181.75 
184.52 
187.30 
190.11 

68.063 
69.098 
70.141 
71.191 

.53.4.56  1 
64.269 
55.088 
55.914 

Vt 
■Jio 

% 

Vie 

4.30.31 
435.11 
439.93 
444.78 

337.97 
341.73 
345.. 52 
349.33 

126-563 
127.973 
129.391 
130.816 

99.402 
100.510 
101.623 
102.743 

1/2 

% 
1M« 

245.65    192.93 
249.28    195.78 
252.93    198.65 
256.61    201.54 

72.250 
73.316 
74.391 
75.473 

56.745 
57.583 
58.426 
59.276 

V2 

% 

iVie 

449.65 
4.54.55 
459.48 
464.43 

.3.53.16 
357.00 
360.87 
364.76 

132.250 
133.691 
135.141 
136.598 

103.869 
105.001 
106.139 
107.284 

1%0 

260.31  !  204.45 
204.04    207.38 
207.80    210.33 
271.59    213.31 

76.563    60.132 
77.660    60.994 
78.766,  61.863 
79.879  j  62.737 

% 
i%e 

% 

469.41 
474.42 
479.45 
484.51 

.368.68 
372.61 
376..50 
380.54 

138.063 
139.535 
141.016 
142.504 

108.434 
109.591 
110.754 
111.923 

« 

275.40    216.30  1  81.000  !  63.617  ; 

12        1  489.60  1 

384.53 

144.000  i 

113.098 
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CARNEGIE  STEEL  COMPANY 


COLD  TWISTED  SQUARE  BARS 


Size, 
Inches 

Area, 
Square  Inches 

Weight  per  Foot, 
Pounds 

2 

4.0000 

13.600 

1% 

3.5156 

11.953 

1% 

3.0625 

10.413 

1% 

2.6406 

8.978 

1^2 

2.2500 

7.650 

1% 

1.8906 

6.428 

iVi 

1.5625 

5.313 

IVs 

1.2656 

4.303 

1 

1.0000 

3.400 

1%6 

0.8789 

2.988 

% 

0.7656 

2.603 

1%6 

0.6602'- 

2.245 

% 

0.5625 

1.913 

iyi6 

0.4727 

1.607 

% 

0.3906 

1.328 

%e 

0.3164 

1.076 

'■V2 

0.2500 

0.850 

•Ae' 

0.1914 

0.651 

,  % 

0.1406 

0.478 

^6 

0.0977 

0.332 

Vi 

0'.0625 

0.213 

Cold  twisted  bars  will  conform  to  Manufacturers'  Standard  Specifications,  unless  otherwise  specified 


lOS 


CONCRETE   REINFORCEMENT   BARS 


DEFORMED  BARS 

CORRUGATED  ROUND  BAR  CORRUGATED  SQUARE  BAR 

TYPE  C  TYPE   D 


Rolled  for  Corrugated  Bar  Co. 


Section 

Size, 

Weight  per 

Section 

Size, 

Weight  per 

Index 

Inches 

Foot,  Pounds 

Index 

Inches 

Foot,  Pounds 

Corrugated  Round  Bar— Type  C 

Corrugated  Square  Bai^-Type  D 

*M  1732 

1% 

10.48 

.*M  1731 

IV2 

7.69 

*M  1618 

1V4 

4.21 

*M  1650 

l^i 

5.35 

*M  1617 

1% 

3.41 

*M  1651 

IVs 

4.34 

*M  1616 

1 

2.69 

*M  1652 

1 

3.43 

*M  1615 

Vs 

2.06 

*M  1653 

Vs 

2.64 

*M  1614 

% 

1.52 

*M  1654 

% 

1.94 

*M  1613 

% 

1.05 

*M  1655 

% 

1.35 

*M  1612 

%« 

0.86 

*M  1656 

V2 

0.86 

*M  1611 

V2 

0.66 

*M  1657 

% 

0.49 

*M  1610 

% 

0.38 

*M  1658 

Vi 

0.22 

CUP  BAR 


Section 
Index 

Size, 
Inches 

Weight  per 
Foot,  Pounds 

*M  1528 

l'/2 

7.65 

*M  15.30 

I'A 

5.31 

*M  1.^31 

l'/8 

4.30 

*M  1.532 

1 

3.40 

*M  1.533 

Va 

2.60 

*M  1534 

% 

1.91 

*M  1535 

% 

1.33 

*M  1.536 

V2 

0.85 

*M  1537 

% 

0.48 

*  Furnished  only  by  special  arrangement. 
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CARNEGIE    STEEL    COMPANY 


DEFORMED  BARS— Continued 
HAYEMEYER  SQUARE  BAR  HAVEMEYER  ROUND  BAR 


HAVEMEYER  FLAT  BAR 


MONOTYPE  BAR 


Rolled  for  Concrete  Steel  Co. 


Section 
Index 


Size, 
Inches 


Weight  per' 
Foot,  Pounds 


Havemeyer  Square  Bar 


*M  1599 
*M  1609 
*M  1608 
*M  1607 
*M  1606 
*M  1605 
*M  1604 
*M  1603 
*M  1602 
*M  1601 
*M  1598 
*M  1621 


iy2 

1% 

1V4 

IVs 

1 


%0 

y* 


Havemeyer  Flat  Bar 


*M  2230 
*M  2231 
*M  2232 
*M  2233 
*M  2234 
*M  2235 
*M  2236 
*M  2237 
*M  2238 


1?4  X  V2 
1%  X  Tia 
1%  X  % 

1^2  X  V2 

IVs  X  % 
IV2  X  5/10 

iy4  X  % 

1        X  % 

1     xVi 


7.65 
6.43 
5.31 
4.30 
3.40 
2.60 
1.91 
1.33 
0.85 
0.48 
0.33 
0.21 


2.98 
2.60 
2.23 
2.55 
1.91 
1.59 
1.59 
1.28 
0.85 


Section 
Index 


Size, 
Inches 


Weight  per 
Foot,  Pounds 


Havemeyer  Round  Bar 


*M  1629 
*M  1628 
*M  1627 
*M  1626 
*M  1625 
*M  1624 
*M  1623 
*M  1622 
*M  1600 


ly* 
lys 
1 


4.17 
3.38 
2.67 
2.04 
1.50 
1.04 
0.67 
0.38 
0.17 


Monotype  Bar — Equivalent  to  Square 

*M  2151 

ly* 

5.39 

*M  2152 

lys 

4.37 

*M  2153 

1 

3.45 

*M  2154 

Vs 

2.64 

*M  2155 

% 

1.94 

*M  2156 

% 

1.35 

*M  2157 

V2 

0.86 

*M  2158 

% 

0.49 

Monotype  Bar — ^Equivalent  to  Round 


*M  2161 

iy4 

*M  2162 

lys 

*M  2163 

1 

*M  2164 

% 

*M  2165 

% 

*M  2166 

% 

*M  2167 

y2 

*M  2168 

% 

4.24 
3.43 
2.71 
2.08 
1.53 
1.06 
0.68 
0.38 


*  F  urnished  only  by  special  arrangement. 


CONCRETE  REINFORCEMENT   BARS 


DEFORMED  BARS— Concluded 


WING  BAR— TYPE  A 


WING   BAR— TYPE   B 


Rolled  for  Tru.ssed  Concrete  Steel  Co. 


SQUARE   RIB  BAR— TYPE   A  ROUND  RIB  BAR— TYPE   B. 


Rolled  for  Trussed  Concrete  Steel  Co. 


Section 
Index 

Size, 
Inches 

Weight  per  Foot, 
Founds 

Section 
Index 

'  Size, 
Inches 

Weight  per  Foot, 
Pounds 

Wing  Bar— Type  A 

Wing  Bar— Type  B 

*M  1513 
*M  1512 

%                     2.70 
Vt.                     1.40 

1 

*M  1509 
*M  1510 
*M  1516 

SV2 

2% 

21/4 

10.2 
6.8 
4.8 

Square  Rib  Bar— Type  A 

1 

Round  Rib  Bar— Type  B 

Section 
Index 

1 
Size,           Weight  per  Foot, 
Inches                Pounds 

1 

Section 
Index 

Size, 
Inches 

Weight  per  Foot, 
Pounds 

*M  1918 
*M  1917 
*M  1916 
*M  1915 
*M  1914 
*M  1913 
*M  1912 
*M  1911 
*M  1910 

m      1      5.31 

m          ]          4.30 
1              !          3.40 
%           '          2.60 
%                     1.91 
%                     1.33 
V2                    0.85 
%                     0.48 
V4                     0.21 

*M  2508 
*M  2507 
*M  2506 
*M  2505 
•    *M  2504 
*M  2.503 
*M  2502 
*M  2501 

IVs  . 

1 

% 
% 
% 

% 

4.17 
3.38 
2.67 
2.04 
I.50 
1.04 
0.67 
0.38 

*  Furnished  only  by  special  arrangement. 


CARNEGIE    STEEL    COMPANY 


CROSS  TIE  SECTIONS 


M28A 

Same  as  M  28.  excepting  Web  Thickness,  ''An" 


Section 

Depth, 
Inches 

Width  of  Flanges 

Web  Thickness, 
Inches 

Weight 
per  Foot, 
Pounds 

Index 

Top,  Inches     Bottom,  Inches 

M  28A 

6H 

5 

10 

Tie 

29.8 

M  28 

&y2 

5 

10 

%8 

27.8 

M  29 

5y2 

5 

8 

%  to  8%4 

24.0 

M  21 

5M 

4>^ 

8 

¥4 

20.0 

M  25 

4M 

4 

6 

14 

14.5 

M  24 

3 

3 

5 

1-3/64 

9.5 

Full  information  as  to  uses  of  steel  cross  ties  is  given  in  a  separate  pamphlet  on  Steel 
Cross  Ties. 
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M27 


CROSS  TIBS 

CROSS  TIE  SECTIONS-Concluded 

J         /  /  f       «  Me-^ 

^w  h 5  3<;- 

I   I J  ^'VJ'^^ 

U 7" ^ 


Section, 

Depth 

Width 

Web  Thickness, 

Weight  per  Foot, 

Index 

Inches 

Inches 

Inches 

Pounds 

M  27 

2^4 

7 

V* 

9.0 

M  20 

2 

6 

%6 

6.0 

M  18 

IVi 

5 

%2 

4.0 

M  26 

i%a 

41%9 

% 

3.20 

M  19 

1^6 

4 

»/vt 

2.51 

Full  information  as  to  uses  of  steel  cross  ties  is  given  in  a  separate  pamphlet  on  Steel  Cross  Ties. 
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CARNEGIE    STEEL    COMPANY 


A.   S.   C.  E.  RAILS   AND  LIGHT  RAILS 


Section 

Weight 

per  Yard, 

Pounds 

a 

b        1 

1 

c 

d 

e 

f 

g 

h 

i 

i      k 

1 

Index 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

10040 

100 

5% 

5% 

2% 

1*%4 

3%4 

8y82 

»Ae 

2«5^28 

5Ae 

% 

1^6 

Me 

9040 

90 

5% 

5% 

2% 

11%2 

25%4 

B%4 

«A« 

2*7128 

5A8 

74 

Vlo 

Me 

8540 

85 

53/16 

5S/16 

2%e 

13%4 

23/4 

"/«4 

»A6 

21764 

5A8 

74 

Me 

Me 

8040 

80 

5 

5 

2y2 

11/2 

2% 

Vs 

3%4 

23A8 

5Ae 

74 

%6 

Me 

7540 

75 

41S/18 

41%8 

21%2 

12764 

2S%4 

2782 

17S2 

21%28 

5Ae 

74 

1A6 

Me 

7040 

70 

4r.'8 

4% 

2%6 

iiys2 

21782 

13/10 

33/64 

23/84 

5A6 

7* 

Me 

Me 

6540 

65 

4710 

4%6 

213/32 

1%2 

2% 

2%2 

72 

137S2 

5A6 

74 

Mo 

Mo 

6040 

60 

41/4 

4y4 

2% 

1782 

21764 

*%4 

3764 

III6A28 

5A6 

74 

716 

Me 

5540 

55 

4yi6 

4^0 

2y4 

iiy.4 

21764 

23/32 

1%2 

IIO8A2S 

5Ao 

lA 

Me 

Mo 

5040 

50 

3Vs 

3% 

2y8 

lys 

21^6 

"Aa 

%6 

123/32 

5A6 

74 

Me 

Mo 

4540 

45 

siyiolsma 

2 

1^8 

13ys2 

2782 

2%4 

1*764 

%6 

74 

Me 

Me 

4040 

40 

3V2 

SV2 

IVs 

1764 

1!5704 

S/'S 

25/64 

1^1^28 

5A6 

74 

Me 

Me 

3540 

35 

ayio 

3%o 

13/4 

«y64 

12%2 

3764 

23/^4 

115/82 

5Ae 

74 

Me 

Mo 

3040 

30 

SVs     'SVs 

llWc 

7s 

123/32 

17S2 

2764 

125/84 

5A6 

74 

Mo 

Mo 

2540 

25 

2%         28/4 

iMi 

2%2 

13y64 

3764 

1%4 

12»A2S 

74 

74 

Mo 

Mo 

2040 

20 

2%     '2% 

iiysa 

2%2 

117S2 

%6 

Vi 

11704 

1-4 

3Ae 

Me 

1640 

16 

2% 

2% 

iiy64 

*^<.4 

123/64 

% 

7s2 

1%28 

3A0 

3A6 

Me 

1440 

14 

21^8 

2146 

IHe 

% 

1%2 

1782 

7* 

5764 

■782 

%0 

Me 

1240 

12 

2 

'2 

1 

%« 

13/82 

iy82 

3A6 

5764 

5/82 

%6 

Me 

1040 

10 

1%     \l% 

i%« 

3y64 

1%6 

1%4 

3A6 

"/64 

7S2 

%0 

Mo 

840 

8 

1%6 

Ime 

13/46 

1%2 

13A6 

%2 

%2 

I7IB 

7S2 

%6 

Me 
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RAILS 


AMERICAN  RAILWAY  ASSOCIATION  RAILS 


Pection 

Weight 

Per  Yanl, 

Pounds 

a 

b 

c 

d 

e 

f 

B              h 

i 

i    1    1^ 

1 

Index 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

10020 

100 

6 

5V2 

2% 

1%6 

3% 

1^6 

%6 

2i%e 

% 

% 

%e 

Via 

9020 

90 

5% 

5h^ 

2%6 

11%2 

3%2 

1 

»/i6 

22%2 

% 

% 

Me 

M.. 

S020 

80 

5Vs 

4% 

2^2 

I'Ao 

22%2 

«VS2 

«%* 

2%6 

% 

% 

\U 

M(. 

7020 

70 

4% 

4V4 

2% 

1H&2 

2y2 

2%2 

y2 

21%2 

% 

% 

%6 

Vio 

0020 

60 

4y2 

4 

2Vi 

11%4J22%4 

1%0 

1%2      217/6* 

% 

% 

He 

He 

-_C- ->, 


— b » 

SERIES  B 


Section 

Weight 
Per  Yard, 

a 

b 

c 

d 

e 

f 

g 

h 

i 

J 

k 

1 

Pounds 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

10030 

100 

5*yM 

5%4 

221,^2 

1*%4 

26%4 

1%4 

%e 

2e%28 

% 

%e 

Vlo 

He 

9030 

90 

517/64 

4*%4    2%6 

18%4 

2% 

1V&2 

%6  21^i2 

% 

%-6 

He 

He 

8030 

80 

415A6 

47A«     27A« 

1»%2 

21%2 

1 

»y64  21%4 

% 

%e 

He 

Ho 

*7030 

70 

43%4 

4%t     2% 

l^Ve* 

217/64 

B%4  «%4  27Aas 

%       ¥l8 

He    Ho 

*6030 

60 

4?i« 

3»A8  2y8 

IVi     J2Wa 

Vh     »ye4l2%2 

%       %6 

He    He 

*\ot  rolled  by  Carnegie  Steel  Company. 


CARNEGIE    STEEL    COMPANY 

SPLICE  BARS 
A.  S.  C.  E.  RAILS  AND  LIGHT  RAILS 


S 10040  to  S  5540     S  5040  to  S  3040 
}*— f— 1 


S2540 
I 


S2040  S 1640  to  S  840 


nr 


Weight 

a 

h 

c 

(1 

e 

f 

g 

h 

i 

i 

k    !    1 

Section 

per  Foot, 
Unfinished 

Index 

Pounds 

In. 

in. 

In. 

In. 

in. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

S  10040 

16.8 

3%4 

12%, 

2%2 

% 

1%2 

1% 

y2 

1%28 

2y82 

%2 

sys 

y2 

S    9040 

13.5 

2B%4 

15/8 

^\<^ 

1%6 

15/32 

1%6 

y2 

119A28 

5y64 

15/64 

215A6 

y2 

S     8540 

12.4 

2«4 

13%4 

mn 

25/82 

15/82 

1%2 

y2 

'',8 

*%4 

y82 

22ys2 

1/2 

S     8040 

11.5 

2% 

iiys2 

-5/82 

% 

2%4 

iy4 

lie 

ys 

% 

3A6 

23A 

%6 

S     7540 

10.7 

235/64 

m'm 

*%4 

23/32 

^Ae 

115/64 

'Ao 

10%28 

23/82 

21A28;22y82 

Vie 

S     7040 

10.0 

215/32 

12%4 

*%4 

1^6 

2y64 

iy82 

%6 

6y64 

23/82 

iy64  2y2 

%6 

S     6540 

9.2 

2% 

12%4 

*5/e4 

2y82 

13/82 

113/64 

%6 

% 

11.4b 

%2 

213/82 

%6 

S     6040 

8.4 

217/64 

11%4 

*%4 

5/8 

25/64 

13A6 

%6 

8%28 

•13/64 

2Vi28 

25Ao 

% 

S     5540 

7.5 

21%* 

115/«4 

*V64 

1%2 

% 

lys 

%6 

8%o8 

% 

%2 

2ys2 

8/8 

S    5040 

6.6 

2^0 

IVs 

1%2 

iy82 

% 

iys2 

13/82 

5/8 

5/8 

%4 

2i,i8 

% 

S     4540 

5.8 

13^82 

1%4 

35/64 

y2 

23/«4 

8V32'  18/82 

3y64 

1%2 

y64 

13y82 

3/'8 

S    4040 

5.0 

155/64 

3y82 

V2 

15/82 

11/32 

2%2 

13/82 

eTA28 

%6 

9A28 

lys 

5A« 

S     3540 

4.6 

125/82 

5%4 

-'%4 

%e 

5A6 

2ys2 

iy82 

85/64 

33/84 

y64 

125/82 

5A6 

S    3040 

3.97 

12%2 

2%2 

%6 

13/82 

5A6 

25/82 

13/82 

2%4 

y2 

5/64 

lHi6 

PAe 

S     2540 

2.20 

isy64 

% 

13/82 

iy82 

%2 

1^6 

%2 

5%28 

S     2040 

1.87 

115/82 

Hi« 

3/8 

5A6 

S     1640 

1.70 

12%4 

sye-t 

1%4 

5^6 

S     1440 

1.36 

1%2 

1%2 

%2 

5A6 

S     1240 

1.36 

1%2 

1%2 

y82 

5A6 

S     1040 

0.99 

15A6 

1%2 

%2 

V4, 

' 

S       840 

0.75 

1%6 

%6 

782 

%2 

i 
i 

Splice  Bars  S  10040  to  S  5040,  inclusive,  are  for  A.  S.  C.  E.  Rails. 
Splice  Bars  S  4540  to  S  840,  inclusive,  are  for  Light  Rails. 
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SPLICE  BARS 


SPLICE  BARS— Concluded 

AMERICAN   RAILWAY   ASSOCIATION   RAILS 


SERIES  A 


^= — ■ 

Weight 

a 

b 

C 

d 

e 

f 

g 

pl 

h 

i 

j 

k 

1 

Sention 

per  Foot, 
Unfinished 

In. 

In. 

In. 

In. 

Index 

In. 

In. 

In. 

In. 

In. 

In. 

Pounds 

In. 

lu. 

In. 

S   10020 

19.0 

3% 

128/^2 

^2 

% 

1%2 

1% 

iy82 

% 

2VS2 

1 

1%2 

3%« 

% 

S     9020 

16.6 

3%2 

12y82 

l^Aa 

2%2 

1%2 

1%2 

11^82 

1%2 

»A8 

i%« 

T/ie 

3 

i?i6 

*S     8020 

\3A 

22%2 

11%2 

Vs 

2VS2 

°%28 

Hi 

11%4 

S%4 

2%4 

-•%2 

-'%4 

2% 

?4 

S     7020 

11.6 

2V2 

isyw 

•'"•V64 

% 

1%2 

1%6 

1'/b4 

«%4 

25/64 

2%2 

2%4 

2%o 

H4o 

S     6020 

10.6 

22%4  I^Vm 

1 

*%4 

% 

25/m 

1V8J1TA28  8^28  51^28 

% 

*%28 

2%o 

% 

S  9030  to  S  6030 


SERIES  B 


k- ^-l 


Section 

Weight 
per  Foot, 
Unfinished 

a 
In. 

b 

C 

1{ 

d 

e 

f 

g 

g^ 

h 

i 

J 

k 

1 

Index 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

Pounds 

In. 

*S  10030 
*S     9030 
*S     8030 
*S     7030 
*S     6030 

16.9 
14.4 
12.6 
11.9 
9.5 

2S%4 

2% 

2i-y82 

21-/04 

2Me 

12%2 
12%o 
11%2 
1%8 

1% 

2%2 
2%2 
2%2 

iWe 

1%B 

i%a 

% 
% 

1%2 
1%2 
-•%2S 
"^428 
5^28 

12^64 

1%2 

1%2 

1^0 

1^2 
^2 

iyi28 

5%4 

2%2 
2%2 

2ys2 
% 
% 

6^28 

%2 
2»A28 
«%28 

iye4 

8^04 
2%2 

ys 

'5/128 

iy84 
»yi2« 

%2 

3y,2s 

2i".yi„8 

22y»2 

25%28 
2%2 

ys 

"%2 
18^6 

% 
2%2 

*Not  rolled  by  Carnegie  Steel  Company. 
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CARNEGIE    STEEL    COMPANY 


a:(9ldraoQ 


saijosssDoy 


5  CO  CO  CO  CC  C 


■  -  -^  .-^  •.„  ^-  ■  ^-^  -^  -..■.„  --^  ~  ^ -O  CC  CO  CCt  CO  CO  b-  <M  CO  t--  r-  tM  O  O  O  c 

ooooooc200oopoooooooc;E'-;05i>;tc»oioooj>.r^'' 

CO  CO  COCOC-JCOCQCOCCCOCOCOCOCOCOC^'— 'i-ht— i>— i^H 


sj^a  a^H'^S 


S33|idg 


n^K  's^pa 


JO  SJJB J 


lO  ^H  O  C<1  lO  c^  c 


■^^cocot^oir^ooosOOT^foc^io^coco^ 


^i^r^iOic»o-^coco-*coc-vi(M(M'-ioooascot--co»r:i»o-<tic 


3(MC^  ^  ■— I 


'<JH-*"TtHCOCOCOl--^»-"-'CbOO  O^OOiCSCOt^'-'COOThO^C^^OOC 


VH^-.cDOC^Cicc>■^T-10uo•^■T}^ocooocooaco■rf^cc'^-OlCO■^■^■^^aso:.T 
cD^^oi■^lO^-^coco■^■<d^c^'-^ccc>^o6o6o6o^^»^>cD■^cccoc^(^l'-|'— 'i-" 


.^.^,_H|--,-iasOOC^OC»COCii:OCOCOCOCOCNlO'^COCDCD-<*HCOCOCOCOt:;-t> 


DO^OGO^-cc1-'OOTt^Ioc^^-^-c<Jt^coTM^^o<^^^s.oMOJ-^cDcDC2M 


io*o  -^^  CO 


IC^ICOCOCDCOCO'IOCOCOCOCOCD 

■<ooooooooooc:> 


3  CO  CO  CO  CO 


COCOCO^-^'^'^'^'^'^tOCOcOCOCOCOCDCDCOcD 

^^  ^^  ^^  ^..  ^..  -.-^  —■  »o  uo  lO  o  o  o  o  o  o  »o  to  lO  »0  "0  o  »o  lO  *f2  *f2  ifS 

ClCi0^05CiC505CsC50iCOCOCOCOCOCO"^''t^'^'^'n''^'T'"^'^''«*''^ 


lO  lO  »0  to  lO  I 


CO  CO  CO  CO  CO  CO  CO  CO  CO  CO  < 
(M  (M  CI  fM  C^l  CI  CI  <M  CI  (M  ( 

COCOCOCOCOCOCOCOCCCO( 


SCOCOCOCOCOCOCOCOCO'"*^'^^'^-*'**"^'^-^'^*^ 
I  (M  CJ  <M  (M  C^J  O)  C^  C-l  CJ  CO  CO  CO  CO  CO  CO  CO  CO  CO  CI-  -^ 

SCOCOCCCOCOCOCCCOCOCOCOCOC':fCOJOCCCOCOC 


SO'-Hi-HiOCOCiOOl^Ot 


SOiCDCOOi— iC0I>-00COC2CiCOC0i-HC0»Ol: 


g  :S9U0SS9DDy    lOr-^^01-Hco^^■^cooolo66cocclOcococoioco 

~       "       ivi  m     t-^^'-t^tOr-HTi^cc-rtHt-HcdiOioaJt-^'^coc^oiGOOGOOC 


.  CD  t-  CO  CO  £--  »0  CO 


S35[ldg 


-OOO'C-lOOGOOOOOdOt^COOOOOCO'^Cl* 
siOtOiOCOOOCDOtOC^COOCOOCOoqOsCJC" 

^,  ^.  ^-  ^  -it^t^r-^cric-iC'ic^iooooiOr-icoooO'— ti— 'h-c 

T-*  y-t  t-HC^(^^c^!c<^c^c^(^3(M(^^c>^c^^c<^coco  cococococococo-^tpcocqcoc 


I  COoOOOt^OOOC'^OO'— iOO<MCOiOCO*CC-1000iO*OOOCO'-'COC:t^'— ' 

S^TIM"   S^TOCr |OC5C2coaioq»oo»-HCicooc^ipc^tocqcooi--;c^oow»oioc^_T-^Oi 
I  cococ<^cioio^^^^o6t^o6c6cocd^Tl^rl^'^Tt^lOcdco•^^oco'*^olf^^ 


-COOi 

co^ 

.--•*--„ -^  «-    ....    ,  ^^  iO -^  O  O  »OCO  GO  !>•  CO -— <  »6  CD  CO  »0  CO  »0 
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oooc 

GOC 
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iC  tClQiOiOuOiOlOtOiOiQiQiO^OtOtO'^^'^  CO_CO  O 


•^Tt<-t:JH-^Tjfrt<Tt<-^'^rtHTttCO'^COCOCO0OCOCOCOCOCMCMCMCM<M'— iT-H.— ii-Hi-i 
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3         O 

-    C5    O 
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^  03  tn 

^1^  i 
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RAIL  ACCESSORIES 


RAIL  CLIPS 


No.  103 


I— - 2^''-— 


I— -1 

He--^ 

/  ^^"-:H:^ — ^:H — — ' 


21/2 


No.  114 


;No.  104 


L 2%-- — 


Weight 


Rail  Clip  Size,  „„,  i,- „, 

No.  Inches      ,    ^^^^^^' 


Weight  of 
Finished 

Clip, 
Pounds 


10.3 
114 
118 
104 
108 
Clips  can  be  furnished  with  -%j"  diameter  holes. 


2V+     x2 

IHitiXiya' 
2V2  x2  I 
215/1  ex2  I 
2i.i     x2 


4.4 
2.3 

5.7 
7..3 
4.8 


0.64 
0.25 
0.85 
1.10 
0.70 


Rail  Section 


100  to  60  lb.  A.  S.  C.  E.  Rails. 
.50  to  20  lb.  A.  S.  C.  E.  Rails. 
100  to  60  lb.  R.  B.  Rails. 
100  to  60  lb.  A.S.O.E.  Angle  Bars 
Girder  Rails. 
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CARNEGIE   STEEL   COMPANY 

PIPE— BLACK  AND  GALVANIZED 

NATIONAL    TUBE     COMPANY    STANDARD 

STANDARD    PIPE 


Size, 
In. 

Diameters, 
Inches 

Thick- 
ness, 
Inches 

Weight  per  Foot, 
Pounds 

Threads 
per 
Inch 

Couplings 

External 

Internal 

Plain 
Ends 

Threads 

and 
Couplings 

Diameter, 
Inches 

Length, 
Inches 

Weight, 
Pounds 

H 

.405 

.269 

.068 

.244 

.245 

27 

.562 

% 

.029 

Ji 

.540 

.364 

.088 

.424 

.425 

18 

.685 

1 

.043 

H 

.675 

.493 

.091 

.567 

.568 

18 

.848 

IM 

.070 

Vi 

.840 

.622 

.109 

.850 

.852 

14 

1.024 

m 

.116 

Vi 

1.060 

.824 

.113 

1.130 

1.134 

14 

1.281 

IVs 

.209 

1 

1.315 

1.049 

.133 

1.678 

1.684 

IIM 

1.576 

VA 

.343 

IM 

1.660 

1.380 

.140 

2.272 

2.281 

ll>i 

1.950 

2K 

.535 

iJ^ 

1.900 

1.610 

.145 

2.717 

2.731 

113^ 

2.218 

2^ 

.743 

2 

2.375 

2.067 

.154 

3.652 

3.678 

113^ 

2.760 

2^ 

1.208 

2y2 

2.875 

2.469 

.203 

5.793 

5.819 

8 

3.276 

23^ 

1.720 

3 

3.500 

3.068 

.216 

7.575 

7.616 

8 

3.948 

m 

2.498 

3J^ 

4.000 

3.548 

.226 

9.109 

9.202 

8 

4.591 

3% 

4.241 

4 

4.500 

4.026 

.237 

10.790 

10.889 

8 

5.091 

3% 

4.741 

43^ 

5.000 

4.506 

.247 

12.538 

12.642 

8 

5.591 

3Vs 

5.241 

5 

5.563 

5.047 

.258 

14.617 

14.810 

8 

6.296 

4K 

8.091 

6 

6.625 

6.065 

.280 

18.974 

19.185 

8 

7.358 

4M 

9.554 

7 

7.625 

7.023 

.301 

23.544 

23.769 

8 

8.358 

4Ji 

10.932 

8 

8.625 

8.071 

.277 

24.696 

25.000 

8 

9.358 

4^i 

13.905 

8 

8.625 

7.981 

.322 

28.554 

28.809 

8 

9.358 

4^ 

13.905 

9 

9.625 

8.941 

.342 

33.907 

34.188 

8 

10.358 

5M 

17.236 

10 

10.750 

10.192 

.279 

31.201 

32.000 

8 

11.721 

GVs 

29.877 

10 

10.750 

10.136 

.307 

34.240 

35.000 

8 

11.721 

eVs 

29.877 

10 

10.750 

10.020 

.365 

40.483 

41.132 

8 

11.721 

&Vi 

29.877 

11 

11.750 

11.000 

.375 

45.557 

46.247 

8 

12.721 

6M 

32.550 

12 

12.750 

12.090 

.330 

43.773 

45.000 

8 

13.958 

6H 

43.098 

12 

12.750 

12.000 

.375 

49.562 

50.706 

8 

13.958 

&A 

43.098 

13 

14.000 

13.250 

.375 

54.568 

55.824 

8 

15.208 

6H 

47.152 

14 

15.000 

14.250 

.375 

58.573 

60.375 

8 

16.446 

6H 

59.493 

15 

16.000 

15.250 

.375 

62.579 

64.500 

8 

17.446 

CJ-s 

63.294 

The  permissible  variation  in  weight  is  5  per  cent,  above  and  5  per  cent,  below. 

Furnished  with  threads  and  couplings  and  in  random  lengths  unless  otherwise  ordered. 

Taper  of  threads  is  ?^"  diameter  per  foot  length  for  all  sizes. 

The  weight  per  foot  of  pipe  with  threads  and  couplings  is  based  on  a  length  of  20  feet, 
including  the  coupling,  but  shipping  lengths  of  small  sizes  will  usr.ally  average  less  than  20  feet. 

All  weights  and  dimensions  are  nominal.  On  sizes  made  in  more  than  one  weight,  weight 
desired  must  be  specified. 
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PIPE 

PIPE— BLACK  AND  GALVANIZED— Concluded 

NATIONAL    TUBE    COMPANY    STANDARD 

EXTRA  STRONG  PIPE  DOUBLE  EXTRA  STRONG  PIPE 


Sike. 
In. 

Diameters, 
Inches 

Thick- 
neas, 
Inches 

Weight, 

per 

Foot, 

Pounds 

Size, 
In. 

Diameters, 
Inches 

Thick- 
ness, 
Inches 

Weight 

per 

Foot, 

Pounds 

External 

Internal 

Plain 
Ends 

External 

Internal 

Plain 
Ends 

.405 
.540 
.675 
.840 

.215 
.302 
.423 
.546 

.095 
.119 
.126 
.147 

.314 

.535 

.738 

1.087 

1 
IM 

.840 
1.050 
1.315 
1.660 

.252 
.434 
.599 
.896 

.294 
.308 
.358 
.382 

1.714 
2.440 
3.659 
5.214 

1.050 
1.315 
1.660 
1.900 

.742 

.957 

1.278 

1.500 

.154 
.179 
.191 
.200 

1.473 
2.171 
2.996 
3.631 

iy2 

2 

2H 

1.900 
2.375 
2.875 
3.500 

1.100 
1.503 
1.771 
2.300 

.400 
.436 
.552 
.600 

6.408 

9.029 

13.695 

18.583 

2 

2H 

3 

3V^ 

2.375 
2.875 
3.500 
4.000 

1.939 
2.323 
2.900 
3.364 

.218 
.276 
.300 
.318 

5.022 

7.661 

10.252 

12.505 

3H 
4 

W2 

5 

4.000 
4.500 
5.000 
5.563 

2.728 
3.152 
3.580 
4.063 

.636 
.674 
.710 
.750 

22.850 
27.541 
32.530 
38.552 

4 

4J4 

5 

4.500 
5.000 
5.563 
6.625 
7.625 
8.625 
9.625 
10.750 

3.826 
4.290 
4.813 
5.761 
6.625 
7.625 
8.625 
9.750 

.337 
.355 
.375 
.432 
.500 
.500 
.500 
.500 

14.983 
17.611 
20.778 
28.573 
38.048 
43.388 
48.728 
54.735 

6 

7 
8 

6.625 
7.625 
8.625 

4.897 
5.875 
6.875 

.864 
.875 
.875 

53.160 
63.079 
72.424 

6 

7 

8 

9 

10 

Furnished  with  plain  ends   and 
lengths  unless  otherwise  ordered. 

Permissible  variation    in  weight, 
strong  pipe,  5  per  cent,  above  and 

in   random 

for   extra 
5  per  cent. 

11 
12 
13 
14 

11.750 
12.750 
14.000 
15.000 

10.750 
11.750 
13.000 
14.000 

.500 
.500 
.500 
.500 

60.075 
65.415 
72.091 
77.431 

below. 

For  double  extra  strong  pipe,   10  per  cent, 
above  and  10  per  cent,  below. 

All  weights  and  dimensions  are  nominal. 

15 

16.000 

15.000 

.500 

82.771 

LARGE  O.   D.  PIPE 


Weight  per  Foot,  Pounds 


Thickness,  Inches 


•vie 


V2 


716 


1 


36.71345.682   54 
39.383|49.020'  58 


42.053 
44.723 
47.393 


52.357]  62 
66 
70 
78 
82 
86 
94 
102 


55.695 
59.032 
65.708 
69.045 
72.383 


568  63.371  72.091  80.726  89.279106.134122.6.541138.842 
573  68.044'  77.431  86.7.341  95.954  114.144  132.000  149.522 
579  72.716  82.771  92.742  102.629  122.1.54  141.34.")  160.202 
584'  77.389  88.111  98.749109.304  130.164  150.090170.882 
589|  82.061  93.451:104. 757  115.979  138.174|160.035,181. 562 
599  91.407  104. 13l!ll6.772  129.330154.194  178.725  202.923 
604  96.079;i09. 471  122.780136.005162.204 
609  100.7.52  114.811  128.787  142.680  170.215 
619  110.097  125.491  140.802  1.56.0.30  186.2.35 
629|119.442  136.172  152.818  109.380  202.255 

128.787  146.852'l64.833'l82.730218.275 

1138.132  157. .532  170.848  196.0812.34.296 


Furnished  with  plain  ends  and  in  random  lengths,  unless 
All  weights  and  dimensions  are  nominal. 


otherwise  ordered. 
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CARNEGIE  STEEL    COMPANY 


SCREW  THREADS 

AMEBICAN     BRIDGE     COMPANY    STANDARD 

Bolts,  Rods,  Eye  Bars,  Turnbuckles,  Sleeve  Nuts,  and  Clevises 


Diameter 

Area 

Number 
of 

Threads 
per 
Inch 

Diameter                   Area 

Number 
of 

Total 
d. 
In. 

Net, 
c, 
In. 

Total 
Dia.,  d, 
Sq.  In. 

Net 
Dia.,  c, 
Sq.  In. 

Total, 
d. 
In. 

Net, 
c, 
In. 

Total 
Dia.,  d, 
Sq.In. 

Net 
Dia.,  c,  1 
Sq.  In. 

Threads 
per 
Inch 

¥ 

.185 

.049 

.027 

20 

2^ 

2.175 

4.909 

3.716 

4 

Vi 

.294 

.110 

.068 

16 

2^ 

2.300 

5.412 

4.156 

4 

yi 

.400 

.196 

.126 

13 

2M 

2.425 

5.940 

4.619 

4 

% 

.507 

.307 

.202 

11 

2% 

2.550 

6.492 

5.108 

3^ 

.620 
.731 

.442 
.601 

.302 
.419 

10 
9 

3 

3M 

2.629 

2.879 

7.069 
8.296 

5.428 
6.509 

sy2 

1 

.838 

.785 

.551 

8 

33^ 

3.100 

9.621 

7.549 

3M 

iH 

.939 

.994 

.693 

7 

3M 

3.317 

11.045 

8.641 

3 

m 

1.064 
1.158 
1.283 
1.389 
1.490 

1.227 
1.485 
1.767 
2.074 
2.405 

.890 
1.054 
1.294 
1.515 

1.744 

7 

6 

6 

5>^ 

5 

4 

4M 

4M 

3.567 
3.798 
4.028 
4.255 

12.566 
14.186 
15.904 

17.721 

9.993 
11.330 
12.741 
14.221 

3 

2Vs 
2H 
2% 

iVs 

1.615 

2.761 

2.049 

5 

1     5 

4.480 

19.635 

15.766 

lYi 

2 

1.711 

3.142 

2.300 

4K 

5M 

4.730 

21.648 

17.574 

2yi 

■■iVs 

1.836 

3.547 

2.649 

^Vi 

bVi 

4.953 

23.758 

19.268 

2% 

2}4 

1.961 

3.976 

3.021 

4M 

5H 

5.203 

25.967 

21.262 

2% 

'2Vi 

2.086 

4.430 

3.419 

4 

6 

5.423 

28.274 

23.095 

2M 

BOLT  HEADS  AND  NUTS 


AMERICAN    BRIDGE     COMPANY    8TAND.\RD 


.f.—j. 


'*-h-»' 


is-h-*' 


Rough  Nut 

Finished  Nut 

Rough  Head 

Finished  Head 

f 

g 

f                  g 

f 

hi 

f                 h 

1.5d+H" 

d 

1.5(i+%6"   d-^We" 

1.5d+i^" 

0.5  f 

1.5d+yi8"0.5f-i46" 

For  Screw  Threads,  Bolt  Heads  and  Nuts,   the  American  Bridge  Company   has  adopted  the 
Franklin  Institute  Standard,  commonly  known  as  United  States  Standard. 
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BOLTS 


BOLT  HEADS  AND  NUTS,  Dimensions  in  Inches 


AMERICAN     BRIDQE    COMPANY    STANDARD 


HEAD 

"o 

m 
i5 

NUT 

I 

Hexagonal 

Hex.  or 
Square 

Square 

Hexagonal 

Hex.  or 
Square 

Square 

o  8 

0 

l,T,l 

Diameter 

m 

P 

s- 

U 

09 

(5 

Diameter 

Diameter 

Diameter 

Long 

Short 

Height 

Long     Short 

Long 

Short 

Height 

Long 

Short 

H 

% 

V2 

Vi 

1%6 

Vs 

Va. 

% 

1.'2 

¥ 

me 

1,.'. 

1%6 

^W« 

% 

1 

1^6 

■% 

1%8 

1^48 

J^ 

1 

"A« 

Vi 

1 

% 

%6 

ly* 

% 

y9. 

1 

Vs 

V2 

ly* 

% 

% 

1^4 

1^6 

%6 

iy2 

lVi8 

% 

1V4 

1^8 

% 

iy2 

11^8 

Ji 

I'Ae 

1V+ 

% 

11%6 

IVi 

% 

1%8 

ly* 

% 

11%8 

ly. 

% 

l^Vie 

1%6 

% 

2^i9 

1%6 

>8 

nVia 

ITie 

% 

2J^6 

iyi« 

X 

1% 

1% 

1%6 

2%6 

1% 

1 

1% 

1% 

1 

2BA'8 

1% 

\% 

2y» 

li%e 

1%6 

29A6 

11%8 

H^8 

2y8 

118A8 

\% 

2»A8 

ii%« 

2%e 

2 

1 

21%8 

2 

IH 

2%o 

2 

m 

21«A8 

2 

1 J^ 

2%6 

2%B 

IVfe 

3V8 

2%« 

1% 

2%  8 

23Ae 

IVs 

3y8 

2%o 

IJ^ 

2% 

2% 

1%6 

3% 

2% 

m 

2% 

2% 

m 

3% 

2% 

m 

3 

2%e 

1^8 

3% 

2«A8 

I'^/s 

3 

29Ae 

1^ 

3% 

2»A« 

1% 

3%a 

2% 

1% 

3% 

2% 

3%8 

2% 

IH 

3^/8 

2«/« 

1% 

3%6 

21%6 

IVs 

4%a 

2i%e 

1% 

3%6 

2iiyie 

IKs 

4%8 

2i%o 

2 

3% 

SVs 

!%« 

47/18 

3y8 

2 

3% 

3y8 

2 

4%8 

3ys 

2fi 

4Vi6 

3V2 

ly* 

41%9 

3V2 

2^ 

4Wa 

3y2 

2i4 

4i5Ae 

3 1/3 

2Hi 

4^2 

3% 

11%6 

SVa 

3% 

2V4 

4V2 

3y8 

2i/, 

5y2 

3% 

•ZVi 

4i%e 

4^4 

2\'& 

6 

4^4 

2M 

4i%« 

4y4 

2M 

6        4y4 

3 

5% 

4% 

2%6 

6%8 

4% 

3 

58/8 

4% 

3 

6BA8        4% 

3^ 

5i%e 

5 

2y2 

7Vi6 

5 

3^ 

51%8 

5 

3Ji 

7^8       5 

3>^ 

6V4 

5% 

2iVi6 

7% 

5% 

3>^ 

ey* 

5% 

aj^ 

7%        5% 

BOLT  THREADS,  Length  in  Inches 


AMERICAN    BRIDQE    COMPANY    STANDARD 


Length, 

Diameter,  Inches 

Inches 

M 

% 

y2 

%     \       % 

% 

1 

IK 

IK 

1      to    1}^ 

Ji 

V* 

1 

IM 

l^to    2 

*A 

% 

1 

IM 

IK 

IK 

2Hto    2'^ 

% 

H 

1 

IK 

IK 

IK 

IK 

25^  to   3 

% 

% 

1 

IK 

IK 

IK 

IK 

2K 

3J^to    4 

% 

% 

iM 

IK 

IK 

IK 

IK 

2K 

2K 

41^  to    8 

1 

1 

IK 

m 

IK 

2 

2K 

2K 

2K 

8Htol2 

1 

1 

iH 

IK 

2 

2K 

2K 

3 

3 

121^  to  20 

1 

1 

ij^ 

2 

2 

2K 

2K 

3 

3 

Bolts  not  listed  are  threaded  about  3  times  the   diameter;  in   no    case   are   standard    bolts 
threaded  closer  to  the  head  than  |^  inch. 
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CARNEGIE  STEEL  COMPANY 


BOLTS  WITH  SQUARE  HEADS  AND  NUTS 

AMERICAN    BRIDGE    COMPANY    STANDARD 

Weight  in  Pounds  per  100  Bolts 


Length 
Under 

Diameter  of  Boll 

,  Inches 

Head, 
Inches 

Vi 

%e 

% 

Vm 

\k 

% 

% 

Vs 

1 

1 

4 

7 

11 

15 

22 

37 

56 

-IM 

4 

7 

11 

16 

23 

39 

59 

IVu 

5 

8 

12 

17 

24 

41 

62 

IH 

5 

8 

13 

18 

26 

43 

64 

2 

5 

9 

14 

19 

27 

45 

67 

101 

144 

2M 

6 

9 

15 

20 

28 

47 

71 

104 

150 

iVi 

6 

10 

15 

21 

30 

49 

74 

109 

155 

2M 

6 

10 

16 

22 

31 

51 

77 

113 

161 

3 

7 

11 

17 

24 

33 

54 

80 

117 

167 

SVi 

7  • 

12 

18 

25 

35 

58 

86 

126 

178 

4 

8 

13 

20 

28 

38 

62 

92 

134 

189 

4J^ 

9 

14 

21 

30 

41 

66 

98 

142 

198 

6 

10 

15 

23 

32 

43 

71 

104 

151 

209 

5>^ 

10 

16 

25 

34 

46 

75 

111 

159 

220 

6 

11 

17 

26 

36 

49 

79 

117 

168 

232 

6V2 

28 

38 

52 

84 

123 

176 

243 

7 

29 

40 

55 

88 

129 

185 

254 

7K 

31 

42 

57 

92 

136 

193 

2G5 

8 

32 

45 

60 

97 

142 

202 

276 

9 

34 

49 

65 

105 

154 

218 

298 

10 

53 

71 

114 

167 

235 

320 

12 

61 

82 

131 

192 

269 

364 

14 

93 

148 

217 

303 

409 

Per  Inch 
Additional 

1.4 

2.2 

3.1 

4.3 

5.6 

8.7 

12.5 

17.0 

22.3 

SQUARE  NUTS  AND  BOLT  HEADS 

AMERICAN     BRIDGE     COMPANT    STANDARD 

Weights  in  Pounds  for  One  Head  and  One  Nut 


Diameter  of  Bolt, 
Inches 


iVi 


iy2 


1% 


2i.i 


Square  Head  and  Nut....    2.05         3.51 
Weight  of  Shank  per  Inch!     .3477       .5007 
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5.48 
.6815 


8.08 
.8900 


15.5 
1.391 


26.2 
2.003 


BOLTS 


BOLTS  WITH  HEXAGON  HEADS  AND  NUTS 

AMERICAN    BRIDQE    COMPANY    STANDARD 

Weight  in  Pounds  per  100  Bolts 


Length 

Diameter  of  Bol 

,  Inchea 

Length 

Diameter  of  Bolt.  Inches 

Under 

Under 
Head, 

Head, 

Inches 

V2 

^'8 

% 

% 

1 

Inchea 

V2 

% 

% 

Va 

1 

1 

19 

33 

52 

8 

58 

92 

137 

194 

264 

IJi 

20 

34 

54 

SVi 

60 

96 

143 

202 

274 

134 

22 

36 

57 

9 

63 

100 

149 

210 

285 

IH 

23 

38 

60 

9}i 

66 

105 

156 

219 

296 

2 

24 

40 

63 

93 

132 

10 

68 

109 

162 

227 

307 

2M 

26 

43 

66 

97 

137 

10}^ 

71 

114 

168 

236 

318 

2y2 

27 

45 

69 

101 

143 

11 

74 

118 

174 

244 

329 

2H 

29 

47 

72 

105 

148 

11J4 

77 

122 

181 

253 

341 

3 

30 

49 

75 

109 

154 

12 

80 

127 

187 

261 

352 

3M 

31 

51 

78 

114 

160 

12>^ 

82 

131 

193 

270 

363 

314 

33 

54 

82 

118 

165 

13 

85 

135 

199 

278 

374 

3H 

34 

56 

85 

122 

171 

13)4 

88 

139 

206 

287 

385 

4 

35 

58 

88 

126 

176 

14 

91 

144 

212 

295 

396 

4M 

37 

60 

90 

130 

180 

14J^ 

93 

148 

218 

304 

407 

4^$ 

38 

62 

94 

134 

186 

15 

96 

152 

225 

312 

418 

4H 

39 

64 

97 

138 

191 

15J4 

99 

157 

231 

321 

430 

5 

41 

66 

100 

143 

197 

16 

102 

161 

237 

329 

441 

5M 

42 

68 

103 

147 

202 

IGH 

105 

165 

243 

338 

452 

5^ 

44 

71 

106 

151 

208 

17 

107 

170 

250 

346 

463 

oH 

45 

73 

109 

156 

213 

i7y2 

110 

174 

256 

355 

474 

6 

46 

75 

112 

160 

219 

18 

113 

177 

262 

364 

485 

6M 

48 

77 

115 

164 

225 

18J4 

116 

183 

268 

372 

496 

6^ 

49 

79 

119 

168 

230 

19 

119 

187 

275 

381 

507 

6M 

51 

81 

122 

173 

236 

19H 

121 

191 

281 

389 

519 

7 

52 

84 

125 

177 

241 

20 

124 

196 

287 

398 

530 

7Ji 

53 

86 

128 

181 

247 

7J4 

55 

88 

131 

185 

252 

7M 

56 

90 

134 

190 

258 

Per  Inch 
Additional 

5.6 

8.7 

12.5 

17.0 

22.3 

Per  Inch 
Additional 

5.6 

8.7 

12.5 

17.0 

22.3 

HEXAGON  NUTS  AND  BOLT  HEADS 


AMERICAN    BRIDGE     COMPANY     STANDARD 


Weights  in  Pounds  for  One  Head  and  One  Nut 


Diameter  of  Bolt, 
Inchea 

IVt 

IV2 

1%               2 

2V2 

3 

He.xagon  Head  and  Nut . . 
Weight  of   Shank  per  Inch 

1.73 

.3477 

2.95 
.5007 

4.61          6.79 
.6815       .8900 

13.0 
1.391 

22.0 
2.003 
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CARNEGIE  STEEL  COMPANY 


UPSET  SCREW  ENDS  FOR  SQUARE 

BARS 

AMERICAN    BRIDGE    COMPANY    STANDARD 

Wr'"""'""^ 

ro 

Jl 

■ 

a 

III 

1 

c      i 

Pitch  and  Shape  of  Thread  A.  B.  Co.  Standard 

BAR 

UPSET 

Side  of 
Square 

d, 
Inches 

Area, 

Sq. 

Inches 

Weight 
per 
Foot, 
Lbs. 

Diameter 

b, 

Inches 

Length 

a, 
Indies 

Additional 
Length 

for 
Upset 

Inches 

Diameter 

at 
Root  of 
Thread 

c. 
Inches 

Area 

At  Root 

of 

Thread, 

Sq.  Inches 

Excess 
Over 

Area  of 
Bar, 

% 

*   M 

0.563 

1.91 

IK 

4 

4 

0.939 

0.693 

23.2 

*  Vs 

0.766 

2.60 

IM 

4 

3y2 

1.064 

0.890 

16.2 

1 

1.000 

3.40 

13^ 

4 

4 

1.283 

1.294 

29.4 

iVi 

1.266 

4.30 

1% 

4 

3H 

1.389 

1.515 

19.7 

IM 

1.563 

5.31 

IH 

4J4 

43^ 

1.615 

2.049 

31.1 

1% 

1.891 

6.43 

2 

4J^ 

4 

1.711 

2.300 

21.7 

W2 

2.250 

7.65 

2M 

5 

5 

1.961 

3.021 

34.3 

m 

2.641 

8.98 

2^ 

5 

4}^ 

2.086 

3.419 

29.5 

IH 

3.063 

10.41 

23^ 

5>^ 

4>^ 

2.175 

3.716 

21.3 

1% 

3.516 

11.95 

2M 

5H 

5 

2.425 

4.619 

31.4 

2 

4.000 

13.60 

2J^ 

6 

5 

2.550 

5.108 

27.7 

2ys 

4.516 

15.35 

3 

6 

414 

2.629 

5.428 

20.2 

2M 

5.063 

17.21 

SK 

6H 

5y2 

2.879 

6.509 

28.6 

2% 

5.641 

19.18 

3}^ 

7 

^2 

3.100 

7.549 

33.8 

2y2 

6.250 

21.25 

3M 

7 

7 

3.317 

8.641 

38.3 

2^ 

6.891 

23.43 

3M 

7 

5^ 

3.317 

8.641 

25.4 

2H 

7.503 

25.71 

4 

7J^ 

6J4 

3.567 

9.993 

32.1 

2H 

8.266 

28.10 

4M 

8 

7)4 

3.798 

11.330 

37.1 

3 

9.000 

30.60 

4M 

8 

6 

3.798 

11.330 

25.9 

3Ji 

9.766 

33.20 

4)4 

8H 

7 

4.028 

12.741 

30.5 

3M 

10.563 

35.91 

4M 

8M 

7H 

4.255 

14.221 

34.6 

Upset 

s  marked  *  are  spe 

ciaL 
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UPSET  SCREW  ENDS 


UPSET  SCREW  ENDS  FOR  ROUND  BARS 

AUERICAN   BRIDGE   COMPANY   STANDARD 


Pitch  and  Shape  of  Thread  A.  B.  Co.  Standard 


BAR 


UPSET 


Diameter 

d. 

Inches 

1 
Area, 
Sq. 
Inciie8 

♦  y^ 

0.442 

*  y» 

0.601 

1 

0.785 

iH 

0.994 

i>i 

1.227 

1^ 

1.485 

ij^ 

1.767 

1^ 

2.074 

IM 

2.405 

VA 

2.761 

2 

3.142 

•2.% 

3.547 

2Ji 

3.976 

2^ 

4.430  , 

2>^ 

4.909  1 

2^ 

5.412 

2?i 

5.940  ! 

2J^ 

6.492 

3 

7.069 

3H 

7.670 

3}i 

8.296 

z% 

8.946 

3H 

9.621 

3% 

10.321 

s»A 

11.045 

3J4 

11.793  j 

Weight 
per 
Foot, 
Lbs. 


1.50 
2.04 

2.67 
3.38 
4.17 
5.05 

6.01 
7.05 
8.18 
9.39 

10.68 
12.06 
13.52 
15.06 

16.69 
18.40 
20.19 
22.07 

24.03 
26.08 
28.21 
30.42 

32.71 
35.09 
37.55 
40.10 


Diameter 

Length 

b. 

a, 

Inches 

Inches 

1 

4 

IM 

4 

m 

4 

iVi 

4 

m 

4 

IH 

4 

2 

4K 

ZVs 

4>^ 

2H 

5 

2% 

5 

2H 

5H 

2Vi 

5H 

2% 

6 

3 

6 

3Ji 

6H 

3M 

6J^ 

3H 

7 

3K 

7 

3M 

7 

4 

7H 

4 

73^ 

4M 

8 

4M 

8 

4H 

8J4 

4M 

syi 

4Ji 

SH 

Additional,  Diameter 
Length  at 

,  for  Root  of 

Upset         Thread 
-10%,  c. 

Inches         Inches 


Area 


4 

5 

4 
4 
4 
4 

4>4 
4 
4 
4 

4 

3K 
4>^ 
^Vi 

5^ 
4}^ 
5)^ 
6 

5 
6 
5 

5M 
5 

5y2 

6 

53^ 


0.838 
1.064 

1.158 
1.283 
1.389 
1.490 

1.711 
1.836 
1.961 
2.086 

2.175 
2.300 
2.550 
2.629 

2.879 
2.879 
3.100 
3.317 

3.317 
3.567 
3.567 
3.798 

3.798 
4.028 
4.255 
4.255 


At  Root 

of 
Thread, 
Sq. Inches 


0.551 
0.890 

1.054 
1.294 
1.515 
1.744 

2.300 
2.649 
3.021 
3.419 

3.716 
4.156 
5.108 
5.428 

6.509 
6.509 
7.549 
8.641 

8.641 

9.993 

9.993 

11.330 

11.330 
12.741 
14.221 
14.221 


Excess 
Over 

Area  of 
Bar, 

% 


24.7 
48.0 

34.2 
30.2 
23.5 
17.5 

30.2 

27.7 
25.6 
23.8 

18.3 
17.2 
28.4 
22.5 

32.6 
20.3 
27.1 
33.1 

22.2 
30.3 
20.5 
26.6 

17.8 
23.4 
28.8 
20.6 


Upeetfi  marked  *  are  special. 


CARNEGIE    STEEL    COMPANY 


EYE  BARS 


AMERICAN    BRIDGE    COMPANY    STANDARD 


C 

[ 

)EDINAI 

lY  EYE  BAR 

— ^ ^ 

0 

A 

DJU 

STABLE 

EYE  BAR 

■           /^ 

1 

j  rf  nj.^ 

(   <r  wm  3] 

t    i         ^■~- 

■V 

■         '        j 

J.J 

ly"":  ] 

■«-— a---> 

-b- 

:<.---a .-»; 

Minimum  length  of  short  end  from  center  of 
pin  to  end  of  screw,  6'-6",  preferably  7'-0". 

Thsead  on  short  end  to  be  left  hand. 

Pitch   and  Shape  of  Thread  A.  B.  Co. 
Standard. 

BAR 

1 

HEAD 

BAR      1              SCREW  END 

Thickness 

Dia. 

Maximum 
Pin 

Additional 
Material,  a, 
Ft.  and  In. 

Width 
In. 

Min. 
thick- 
ness 
In. 

Dia. 
u, 
In. 

Excess 
Upset 
over 
Bar 

% 

Length 
m. 
In. 

Additional 
Material.b, 
Ft.  and  In. 

Width 
In. 

Max. 
In. 

1 

Min. 
In. 

d, 
In. 

Dia. 
In. 

Excess 
Head 
over 
Bar, 

% 

For 
order- 
ing 
Bar 

For 
figuring 
Weight 

For 
order- 
ing 
Bar 

For 
figur- 
ing 
Wt. 

2 

4V2 

*  61/2 

2H 
3K 

37.5 

1-  0 

1-  4 
1-  9 

0-  7 
0-11 

1-  4 
0-10 
1-  2 
1-  7 

2 

2H 
3 

4 
5 

6 

7 

*  Vs 
H 

ys 

*  M 

ys 

1 

*  % 

1 

*  H 

1 
IK 

*  M 

ys 
1 
lys 

IM 
*1 
IH 
IM 

VA 
2 

2A 
2M 
2% 
2% 
2J^ 
2H 
2^ 
2J^ 
3 

3M 

2^ 

3 

3}^ 

3>^ 

3^ 

3^ 

3?4 

4 

39.6 
36.6 
31.4 
41.2 
38.1 
36.7 
34.3 
41.6 
23.9 
23.9 
32.0 
35.7 
44.6 
36.2 
24.1 
30.2 
34.2 
38.3 

4 

W2 

4K 

43^ 

5 

5 

5 

5H 

5>^ 

5}^2 

53^ 

6 

6H 

1-  0 
1-  0 
0-11 
1-  0 
1-  0 
1-  0 
1-  0 
1  -1 
1-  1 

8 

734 
73^ 

2J^ 

1 

% 

6 

7 
*  8 

23/2 
3H 

4y2 

40.0 

1-  3 

1-  7 

2-  0 

8 
8 
7^ 

3 

IJ^ 
IK 

14 
1 

*  9H 

3H 

5H 

41.7 

1-  6 
1-11 

2-  4 

1-   1 
1-  5 
1-10 

93I 
8^ 

4 

10 

11 

*12 

W2 

5y2 
6y2 

37.5 

1-11 
2-  3 
2-  8 

1-  6 
1-10 

2-  2 

1-    1    83^ 

0-11  73^ 

1-   1!   83-S 

2 

1 

1 

12 

isy2 

*15 

m 

8M 

35.0 

2-   1 

2-  8 

3-  3 

1-  8 

2-  2 
2-  9 

1-  2 

9^2 

8 

7 

8 

8^ 

9 

73^ 

8 

83^ 

5 

6 
6 

6>^ 

7 

1-  0 
0-11 
1-  0 
1-   1 
1-  2 

6 

2 

1 
1 

14 

*16H. 

5% 

6^ 

814 

37.5 

2-  4 

2-  6 

3-  2 

1-10 
2-   1 
2-  8 

7 

2 

2 

1         16,1/^ 
IJ^'  17>^ 
1}^|*183^ 
1     1   18 

7 
8 
9 

35.7 

2-  7 
2-11 

3-  4 

2-  2 
2-  6 
2-11 

26.8 
28.0 
33.2 
37.3 
26.9 
29.5 
32.4 
35.4 

7 
7 

1-  0 
1-  0 
1-   1 

7 
8 
9 

37.5 

2-  8 

3-  0 
3-  4 

2-  3 
2-  6 
2-11 

2-  6 

3-  1 
2-10 
3-  3 
3-  7 

lys  4>4 

1-  2   yyj 

8 

1^ 
IM 

19 
*20 

IM 

lys 
iH 

4 

4M 

4Ji 

1*^ 

8^ 
83^ 

1-   0;   8 

1-   ij  8^ 

9 

2 
2 

IM 
15^ 

20 
22 

7y2 

9Vr. 

38.9 

2-11 
3-   7 

1-  2|   9 
1-  2    9J^ 

10 

22y2 

24 
*25 

9 

lOK 
IIH 

35.0 

3-  5 

3-  9 

4-  1 

8 

IK 
1^ 

4M 

4K 

4M 

5 

5M 

25.9 
27.4 
29.3 
31.4 
35.2 

8 

83^ 
83^ 
9 

1-  0!   8 
1-  li  834 
1-   1    8J4 
1-2    9 
1-  310 

12 

2 

263^ 
28 
*29!^ 

10 

IIH 

13 

37.5 

3-  8 

4-  2 

4-  8 

3-  3 

3-  8 

4-  1 

Bars  marked   *  should 
absolutely  unavoidable. 
Deduct  pin  hole  when  : 

14 

2 

31 
33 

*34 

12 
14 
15 

35.7 

4-  3 
4-10 

5-  5 

3-  9 

4-  4 
4-  8 

only  be  used  when 

16 

2 

m 

36 
*37H 

14 
16 

37.5 
34.4 

4-11 
5-  5 

4-  6 
4-10 

iguring  weight. 

J 


LOOP    RODS 


LOOP  RODS 


AMERICAN    BRIDGE    COMPANY    STANDARD 


Right  Thread 


Length  1 

-2%  P~*^Min.  Length  i-l"     j •  5-"-^ For  Turnbuckle 
"l^-s/'J  For  Sleeve  Nut 

Pitch  and  Shape  of  Thread  A.  B.  Co.  Standard 

Additional  Length  "A"  in  Feet  and  Inches  for  One  Loop 

A=4.17p+5.89r 


Diam. 
of 

Diameter  or  Side  "r"  of  Rod  in  Inches 

Pin. 
P 

'!4 

Vs 

1 

IVfe 

m 

1% 

1% 

Wh 

1% 

1% 

2 

Wi 

0- 

9K 

0-10 

0-11 

0-llM 

114 

0-10 
0-11 
1-  0 

0-lOK 
0-llK 
1-  OM 

O-llJ^ 

1-  OH 

1-  iy2 

1-  0 

1-  1 

1-  2 

1-  1 

1-   2 
1-  3 

1-  2H 
1-  3M 

1-  4H 

1-  5 

1-  6 

2 

1 

1-  IH 

1-  2H 

1-  3 

1-  4 

1-  4M 

1-  5H 

1-  6 

1-  7 

1-  7H 

1-  8H 

214 
2}i 

2H 

■*■" 

2 
3 

4 

1-  3 
1-  4 
1-  5 

1-  3H 

1-  4H 
1-  5H 

1-    W2 

1-  5H 
1-  61^ 

1-  5 
1-  6 

1-7 

1-  5H 
1-  7 
1-  8 

1-  6H 
1-  7H 
1-  8H 

1-  7 
1-  8 
1-  9H 

1-  8 
1-  9 
1-10 

1-  8H 
1-  9H 
1-11 

1-  9H 
1-iOH 
1-iiH 

3 

1- 

5 

1-  6 

1-  6H 

1-  7M 

1-  8 

1-  9 

1-  9H 

1-lOH 

1-11 

2-  0 

2-  OH 

*3M 

3H 

*3M 

1- 

6 

7H 
83^ 

1-  7 
1-  8 
1-  9 

1-  7H 
1-  8H 
1-10 

1-  8J^ 
1-  9H 
1-lOH 

1-  9 
1-10 
1-11 

1-10 
1-11 
2-  0 

1-lOH 
1-llH 
2-  OH 

1-llH 
2-  OH 
2-  IH 

2-  0 
2-  1 
2-  2 

2-   1 
2-  2 
2-  3 

2-   IH 
2-  2H 
2-  3H 

4 

1- 

9>^ 

1-10 

1-11 

1-llH 

2-  OK 

2-  1 

2-  2 

2-  2H 

2-  3 

2-  4 

2-  4H 

•4M 
4H 

*4H 

1-11 
2^  0 
2-  1 

2-  0 
2-   1 
2-  2 

2-  OM 
2-  1}^ 
2-  2H 

2-  IJ^ 
2-  2y2 
2-  3H 

2-  2 
2-  3 
2-  4 

2-  3 
2-  4 
2-  5 

2-  3H 
2-  4H 
2-  5J^ 

2-  4H 
2-  5H 
2-  6H 

2-  5 
2-  6 
2-  7 

2-  6 
2-  7 
2-  8 

5 

2-  2H 

2-  3 

2-  3H 

2-  4M 

2-  5 

2-  6 

2-  6H 

2-  7H 

2-  8 

2-  9 

*5H 

2-  4 
2-  6 
2-  6 

2-  5 
2-  6 
2-  7 

2-  5}^ 
2-  6M 
2-  7M 

2-  6 
2-  7M 
2-  8H 

2-  7 
2-  8 
2-  9 

2-  7H 
2-  9 
2-10 

2-  8H 
2-  9H 
2-lOH 

2-  9 
2-10 
2-llH 

2-10 
2-11 
3-  0 

6 

2-  7 

2-  8 

2-  8H 

2-  9>^ 

2-10 

2-11 

2-llH 

3-  OH 

3-  1 

♦6M 

2-  9 
2-10 
2-11 

2-  9H 
2-lOK 

3-  0 

2-lOJ^ 
2-llH 
3-  OH 

2-11 
3-  0 
3-   1 

3-  0 
3-  1 
3-  2 

3-  OH 
3-   IH 
3-  2H 

3-  IH 
3-  2H 
3-  3H 

3-  2 
3-  3 
3-  4 

7 

3-  0 

3-  1 

3-  IH 

3-  2H 

3-  3 

3-  3H 

3-  4H 

3-  5 

Pina  marked  *  are  special.     Maximum  shipping  length  of  "1"=35  feet. 
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CARNEGIE    STEEL    COMPANY 


CLEVISES 

AMERICAN    BRIDGE    COMPANY    STANDARD 

All  dimensions  in  inches 


.  -iGrip 


VJi-J    jr-clearance  line 
i a ^ 


Grip=thicknesa  of  plate  +  }^''  but  must  not  exceed  dimension  f 


m  is 

Head 

Nut 

Fork 

-m 

ia 

Max 

Min 

■SM 

^i 

d 

w 

t 

Max. 
P 

Mm. 
P 

r 

X 

y 

n 

c 

u 

u 

e 

f 

a 

8 

^Pi 

3 

3 

IH 

y2 

IK 

1 

2M 

2M 

3 

IH 

2M 

^Vs 

1 

3%6 

Ik' 

5 

4 

4 

4 

4 

2 

y^ 

2 

IM 

3 

3 

4 

1% 

2K 

IVs 

IVs 

3% 

IM 

6 

5 

8 

5 

5 

2H 

% 

2K 

iJ^ 

3M 

3M 

5 

2M 

3M 

2ys 

iy2 

4y2 

2y 

7 

6 

16 

6 

6 

3 

H 

3 

2 

4H 

4H 

6 

2K 

4% 

2% 

2 

5% 

2H 

8 

7 

26 

7 

7 

SH 

% 

3^ 

2J^ 

5M 

5M 

7 

3 

5 

3       2M 

6%6 

3M 

9 

8 

36 

Clevis  Numbers  for  Various  Rods  and  Pins 


Rods 


Pins 


Round    Square     Upset 


1 

IK 

IM 


lys 

IM 

ij^ 

2 

2>i 


2M 


?^ 


1 


l?i 


IJi 
2 

2^ 


1 

l>i 

IM 

m 
iH 
iH 

IM 

ij^ 

2 
2J^ 

2M 
2?^ 
21^ 
2% 
2M 
2J^ 
3 


iy4  11/2  1% 


214   2y2    2% 


31/4 


3^^ 


Clevises  above  and  to  right  of  zigzag  line  may  be  used  with  forks  straight,    those    below    and 
to  left  of  this  line  should  have  forks  closed  so  as  not  to  overstrain  pin. 
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TURNBUCKLES   AND  SLEEVE   NUTS 


TURNBUCKLES  AND  SLEEVE  XUTS 

AMERICAN    BRIDGE    COMPANY    STANDARD 

All  Dimensious  in  Inches 


TURNBUCKLES 

1 

SLEEVE 

NUTS 

rd-— -a--'?-d--                               1 

rf-d-*!*  -  4— *7»-d- -*. 

one 

■  ^  L 

-i      ^ 

ii^i- 

j^^   "?  CZIIlT 

hH\ 

EO.i 

1— )j-j                ;< 1 -^ 

+j 

a=6";  a=9"  for  turnbuckles  marked  *. 

Pitch  and  shape  of  thread,  A.  B.  Co.  Standard. 

Pitch  and  shape  of  thread,  A.  B.  Co.  Standard 

Diam 

Standard  DimeiudoDS 

^■^ 

Diam. 

Standard  Dimensions 

S'S 

of 

of 
Screw 

fl 

Screw 

.  1 

1 

_. 

SfS 

u 

d 

1 

c 

t 

g 

b 

u 

d 

1 

a 

b    1 

c 

t 

% 

?i6 

7^i 

%«       %6 

y2 

1^6 

1 

%6 

2Vi.2 

7%  6 

% 

y4  1  % 

1% 

1 

Vs 

% 

7y2 

% 

y4  i  % 

1% 

1 

»/^6 

2-^2 

7iVi8 

1%6 

%6     % 

19Aa 

iy2 

' 

% 

1%6 

7-/8 

i%a 

^Ae     % 

l%a 

1% 

% 

IVs 

8V4 

IVts 

HH  Vs 

2 

2 

% 

1%6 

s% 

IV4 

%  1 

2y4 

3 

% 

m 

7 

1% 

1% 

lys 

y4 

3 

.1 

m    9    I 

1%6 

%6  iy4 

2-Ab 

■  4 

1 

m 

7 

1% 

1% 

1% 

y4 

3 

Ufe 

IHie 

9% 

v,u 

y2  iy4 

2%  a 

5 

1% 

1% 

7y2 

2 

2%6 

1% 

%6 

4 

IM 

1% 

9% 

1%6 

y2  iy2 

2-% 

6 

iy4 

1% 

7y2 

2 

2%6 

1% 

%6 

4 

1% 

2^6 

10% 

11^6 

y2  1% 

3^6 

7 

1% 

2 

8 

2% 

2% 

1% 

% 

5 

IV2 

2y4 

IOV2 

1% 

%  1% 

3%6 

8 

iy2 

2 

8 

2% 

2% 

1% 

% 

6 

1% 

2TA6 

10'/8 

2 

%  1% 

3y2 

10 

1% 

2y4 

8% 

2% 

3%6 

1% 

%0 

8 

1% 

2% 

ll^i 

2% 

2%6 

%  2 

3% 

11 

1% 

2y4 

8% 

2% 

3%6 

l'/8 

%6 

9 

1V8 

21%6 

11% 

Hiepys 

3% 

12 

1% 

2% 

9 

3% 

3% 

2% 

% 

10 

2 

3 

12 

2% 

iH«2y4    4V4 

14 

2 

2V^ 

9 

3% 

3% 

2% 

y2 

11 

2Vfe 

3%6 

12% 

2y2 

2?822y2 

4y2 

17 

2% 

2% 

9y2 

3y2 

4Vl6 

2% 

%0 

14 

2Vi 

3% 

12% 

21^6 

i%62y2 

4% 

20 

2y4 

2% 

9y2 

3y2 

4^6 

2% 

%« 

16 

2% 

3%e 

13% 

2% 

1%62% 

4% 

22 

2% 

3 

10 

3% 

4y3 

2% 

% 

18 

-2V2 

3% 

13^2 

3  Vie 

2%2'3 

5% 

25 

2y2 

3 

10 

3V8 

4y2 

2% 

% 

19 

2% 

4% 

i4y4 

31-4 

i%63i,4  1  5% 

33 

1  2% 

3y4 

loya 

m 

41%6 

2y8 

'Vie 

23 

2% 

4%6 

14% 

3%6 

iy82  '3Vi 

1 

6yi6 

36 

1  2% 

3y2 

11 

4% 

5% 

3% 

% 

27 

3 

4^ 

15 

3%   i%2!3y2 

6% 

40 

3 

3% 

11 

4% 

5% 

3% 

% 

28 

3^i 

4% 

15% 

3%   11^6  ;4 

6% 

50 

3y4 

3% 

iiy2 

5 

51%6 

3% 

"Ao 

36 

3^2 

5^4 

leVa 

4y4 

1%2  W 
1%'8  5 

7U 

65 

3% 

4 

12 

5% 

6y4 

3% 

% 

40 

3% 

5% 

i7y4 

4%6 

sy* 

95 

3% 

4y4 

i2y2 

5% 

611A8 

3% 

1%6 

47 

4 

6 

18 

4% 

1%6    5 

8% 

108 

4 

4y2 

13 

6% 

7Vie 

4y8 

1 

56 

*4V4 

6V4 

2IV2 

4% 

1% 

5^3L 

9y4 

140 

4y4 

4% 

i3y2 

6y2 

7y2 

4% 

1^6 

66 

*4V2  6% 

22V2 

5y2 

1% 

eys  |io% 

195 

4V4 

5 

14 

6% 

7i%a 

4% 

l>Ao 

75 

*4%  7y4    23^! 

5% 

2 

6y2  |iiy4 

205 

! 

*5 

iTVa 

1 
124 

6 

^y* 

6% 

lii% 

250 

1  . 
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CARNEQIE    STEEL    COMPANY 


RECESSED    PIN    NUTS 

AMERICAN    BRIDGE    COMPANY    STANDARD 

All  Dimensions  in  Inches 

Distance  between  Shoulders  I*"D"^ 
>i        I 

m 


I.SJ      1 

To  obtain  grip,  add  I'g"  for  each  bar.  UtJ  Nuts  threaded  6  threads  per  inch. 

To  obtain  distance  between  shouldera,  add  amount  given  in  table  to  grip. 


Pin 

Nut 

Diameter  of  Pin, 
d 

Thread 

Add 
to 

Diameter 

a 

P 

OJ    0 

if. 

%^     Pattern 

Li   0 

No. 

a 

b 

Grip 

t 

n 

m 

c 

s 

3° 

2,         2K 

liX 

H 

% 

2is/i„ 

3% 

2% 

»4 

l^As 

1.1 

PN21 

2}^,     2K 

2 

lf^8 

% 

1 

3%6 

4Vs 

31/8 

Va. 

li«/ifi 

l.V 

PN22 

3.      *3M.     3>^ 

2^ 

IH 

H 

l^s 

45/^0 

5 

3 '^8 

y. 

2yifi 

2.5 

PN23 

*3M,    4 

8 

1^/s 

v. 

1'4 

4'/s 

5% 

4^/8 

% 

21'^,, 

3.7 

FN  24 

*4M,    43^,  *4M 

3^ 

m 

V9 

1»/^ 

5% 

6% 

5Vi 

y?. 

35/1  fi 

4.6 

FN  25 

5,       *5M 

4 

1^8 

¥. 

IK 

61/4 

7>W« 

5% 

K  . 

313/1,. 

6.2 

FN  26 

5J^,  *5M,     6 

4V<5 

1»4 

Vx 

1^/s 

7 

8i,'« 

6^ 

H 

4-y,8 

V.8 

FN  27 

*6M.  *6}^ 

5 

1/^8 

Va 

IH 

7% 

8Vs 

7 

H 

413/1 « 

y.9 

FN  28 

*6M.    7 

51^ 

2 

Va 

VA 

8Vs 

9% 

VK 

«4 

i>»/,fi 

11.8 

FN  29 

*7M,  *7J^ 

51X 

2 

% 

I'/r 

8% 

lU 

8 

^4 

b°/,fi 

14.3 

FN  30. 

*7M.   8,       *8M 

6 

2W 

Va 

2^^R 

93/& 

107/s 

8^4 

H 

513/, « 

18.6 

FN  31 

*8K,              9 

« 

2W 

'% 

2^ 

lOi/i 

11% 

9H 

•M 

bi»/i« 

23.8 

FN  32 

*9i^,            10 

6 

2^ 

H 

2M 

IHi 

13 

lOH 

M 

513^6 

31.1 

FN  33 

Pins  marked  *  are  special. 


COTTER    PINS 


AMERIC.\.N    BRIDGE    COMPANY    STANDARD 

All  Dimensions  in  Inches 


Horizontal  or  Vertical  Pin  Finished 

Horizontal  Pin  Rough  or  Finished 

Pin 

Head 

g 

Cotter 

Pin 

gi 

Cotter 

P 

h 

c 

d 

Pi 

c 

d 

■   IK 
13^ 
IK 
2 
2H 

2y2 

2H 
3 

3M 
3H 
3K    . 

iy2 
m 
2 

2^ 

2% 

3H 
3M 
4 

4M 

+ 
.0. 

0 

2 

2H 

2M, 

3 

3H 

3H 

4 

5 

5 

6 

6 

1 

34 
% 

[   m 
W2 

k 

3M 
31^ 
3M 

1? 

+ 
0. 

•B 

2 

21^ 

|M 

3M 

3?€ 

4 

5 

5 

6 

6 

1 

?^ 
}^ 

V2 
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RIVETS 


STRUCTURAL  RIVETS 

AMERICAN    BRIDGE     COMPANY    STANDARD 

Dimensions  in  Inches 


-1\S6- 


-IJle 


z 


'^ 


ll?16-  — ^ 


V 

-1M-- 

""1 

'-?i- 

) 

\ 

± 

l--l?i6 


/zi-:::.«^ 


General  Formulas  for  Proportions  of  Rivets,  in  Inches 
Full    driven  head,  diameter,  a.=l.5  d 
"  "  "       depth,        b=0.425a 

"  "  "      radius,       c=b 

"       radius,       e=1.5b 
|\       ^   Countersunk  head,  depth,        f=0.5d 


'•       diameter,  g=l. 577  d 
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CARNEGIE    STEEL    COMPANY 


STRUCTURAL  RIVETS 

AMERICAN    BRIDGE    COMPANY    STANDARD 

Lengths  of  Field  Rivets  for  Various  Grips 

Dimensions  in  Inches 

i-^Grip,  a^  K— Grip,  a^  -^Grip,  b    >;  *  -  Grip,  b  —  *. 


Length---*"      * Length- >' 


■* — Length- 


Length— 


Grip 

Diameter 

Grip 
b 

Diameter 

a 

^~ 

Vs 

% 

Vs 

1 

Y2 

Vs 

Va 

^8 

1 

H 

IJ^ 

IH 

VA 

2 

2^ 

Y2 

lYs 

IYa 

IYa 

m 

Ws 

5^ 

Ws 

lYs 

2 

2Ys 

2J^ 

Vs 

m 

Ws 

Ws 

13^ 

VA 

H 

Wa. 

2 

2Y% 

2Y4, 

2^ 

H 

Ws 

IY2 

IY2 

1^ 

Ws 

y% 

V/s 

2Ys 

2M 

2Vs 

2}^ 

Vs 

IY2 

15^ 

Ws. 

Wa 

VA 

1 

2 

2Ji 

23^ 

2Yi 

25^ 

1 

IVs 

IM 

Wa 

VA 

VA 

Vs 

2^ 

2Vs 

2K 

2Vi 

2M 

Ys 

IH 

VA 

Ws 

2 

2 

M 

^Ya 

2Y2 

2^ 

2Vi 

2J^ 

Ya 

m 

2 

2 

2>^ 

2Ys 

jl 

2V» 

2% 

2M 

2Vs 

3 

Vs 

2 

2Ys 

2Ys 

2M 

2Ya 

yi 

25^ 

2^8 

3 

3Ys 

3J4 

Yi 

2Ys 

2Ya 

25^ 

23/^ 

2Y2 

% 

2M 

3 

3J^ 

3M 

33/g 

,Vs 

2Ya 

2Vs 

2Y2 

2}^ 

2j^ 

Va 

3 

3H 

3^ 

3Y2 

35/^ 

% 

2Y2 

25/8 

2H 

2^ 

2J^ 

Vs 

3Ys 

Ws 

31^ 

3Vi 

3H 

Vs 

2% 

2M 

2K 

2Ji 

3 

2 

3Y, 

3Y2 

3Vi 

3H 

3>^ 

2 

2M 

2Ji 

3 

3 

3Ys 

Vz 

3Vs 

3Vs 

3M 

3Vs 

4 

Ys 

2J^ 

3 

3Ys 

3Ys 

3A 

Yt 

SYi 

3M 

3Ji 

4 

4J^ 

Ya 

3 

3Ys 

3K 

3Ya 

3J^ 

y% 

3Vs 

3Ys 

4 

4^ 

4}€ 

Vs 

3Ys 

3Ya 

3M 

3^ 

3Y2 

Vi 

SVi 

4 

4^ 

4M 

Ws 

Y2 

3Ya 

3% 

3}^ 

3»/^ 

35/g 

Vi 

3Vs 

^Ys 

4H 

4^ 

W2 

Vs 

33/^ 

3y2 

35^ 

35^ 

3M 

% 

4 

4M 

43/^ 

4>^ 

Ws 

Va 

3Y2 

35/^ 

3% 

3V4. 

3% 

% 

4J^ 

45^ 

43^ 

4^ 

m 

Vs 

3^ 

3H 

3Ji 

3^ 

4 

3 

Ws 

m 

4J4 

4K 

5 

3 

3J^ 

4 

4 

4>^ 

4M 

Vi 

Wi 

4M 

4Ji 

5 

5Ys 

Ys 

4 

4Ys 

4H 

4)4 

4^ 

M 

Ws 

4>^ 

5 

5Ys 

5J4 

Va 

4^ 

4M 

4M 

4^ 

4J| 

^ 

4% 

5 

5^ 

5Yi 

5Ji 

% 

4M 

45^ 

Ws 

W2 

Ws 

1^ 

4Vs 

514 

5M 

5Vs 

5M 

Vi 

43/8 

4>^ 

4H 

Ws 

Wa 

V% 

5 

6M 

5J^ 

5Y2 

55^ 

Vs 

4M 

4^ 

Ws 

Wa 

Ws 

M 

5Ys 

5^ 

5K 

5Vs 

5J4 

Va 

45^8 

4M 

Wa 

Ws 

5 

y% 

5H 

5>^ 

5^ 

5M 

5K 

Vs 

4Va 

4^ 

Ws 

5 

5J^ 

4 

5Vs 

5^ 

5M 

5J^ 

6 

4 

4Vs 

5 

5 

5Ys 

5M 

% 

bVi 

6J^ 

6 

6^ 

6}i 

Ys 

5Ys 

5M 

5Ya 

&Vs 

6)^ 

Va 

5H 

6 

03^ 

6M 

68/1 

Va 

5Ya 

5^ 

5N 

5Y2 

5^ 

Vs 

6 

6M 

6^ 

eY2 

6Vs 

Vs 

SY2 

5Vs 

5^ 

bVs 

5k' 

Vi 

6Ys 

65^ 

61/2 

&Vs 

Wi 

Y. 

5Vs 

5M 

5Ji 

SM 

5>^ 

Vs 

6H 

6}^ 

6^ 

6H 

6Vs 

Vs 

5Va 

5K 

5Vs 

bVs 

6 

% 

eVs 

6^ 

6M 

6Vs 

7 

Va 

5Vs 

6 

6 

6 

QYs 

Vs 

6^ 

6'A 

6J^ 

7 

7Ys 

Vs 

6 

6H 

6>^ 

6H 

6M 

5 

evs 

&Vs 

7 

7Ys 

7H 

5 

&Ys 

6H 

6J^ 

6M 

6^ 

Vs 

lYs 

7ii 

7^ 

Ys 

63/g 

65^ 

6J^ 

H 

Wi 

7^ 

7^ 

Ya 

6J^ 

&Y2 

&Vs 

Vs 

IVs 

7Y2 

7^ 

Vs 

66/^ 

6Vs 

6% 

Vi 

IVs 

7Ji 

7J^ 

H 

6K 

&Vs 

7 

Vs 

Wi 

7Ji 

8 

Vs 

7 

7 

7Ys 

H 

Ws 

8 

8Ys 

Va 

7}^ 

7Yb 

r6 

Vs 

8     • 

8J^ 

SYi 

Vs 

7M 

7Ya 

7Ji 
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STRUCTURAL  RIVETS 

AMERICAN    BRIDGE    COMPANY    STANDARD 

Weight  in  Pounds  per  100  Rivets  with 

Button  Heads 

Length 
Under 
Head, 
Inches 

Diameter  of  Rivet,  Inches 

Length 
Under 
Head, 
Inches 

Diameter  of  Rivet,  Inches 

% 

Vs 

% 

% 

% 

1 

IVs 

1V4 

% 

V2 

% 

% 

"/8 

1 

IVs 

iy4 

1 

5 

18 

33 

53 

78 

109 

146 

190 

252 

Va 

18 

34 

54 

80 

111 

149 

193 

256 

114 

6 

12 

K 

19 

34 

55 

82 

113 

152 

197 

260 

Vs 

7 

13 

% 

19 

35 

56 

83 

115 

155 

200 

265 

}i 

7 

13 

23 

35 

50 

68 

91 

130 

Vz 

20 

36 

57 

85 

118 

157 

204 

269 

% 

7 

14 

24 

36 

52 

71 

95 

134 

% 

20 

36 

58 

86 

120 

160 

207 

273 

M 

8 

15 

25 

37 

54 

74 

98 

139 

% 

20 

37 

60 

88 

122 

163 

211 

278 

H 

8 

15 

26 

39 

56 

77 

102 

143 

% 

21 

38 

61 

89 

124 

166 

214 

282 

2 

9 

16 

27 

41 

58 

80 

105 

148 

6 

21 

38 

62 

91 

126 

169 

218 

287 

H 

9 

17 

28 

43 

60 

82 

109 

152 

Vi 

22 

39 

63 

93 

128 

171 

222 

291 

Vi 

9 

18 

29 

44 

62 

85 

112 

156 

Ya. 

22 

40 

64 

94 

130 

174 

225 

295 

% 

10 

18 

30 

46 

64 

88 

116 

161 

y% 

22 

40 

65 

96 

132 

177 

229 

300 

^ 

10 

19 

31 

47 

67 

91 

119 

165 

Vi 

23 

41 

66 

97 

135 

180 

232 

304 

H 

11 

20 

32 

49 

69 

93 

123 

169 

% 

23 

42 

67 

99 

137 

182 

236 

308  • 

H 

11 

20 

34 

50 

71 

96 

126  174 

% 

24 

43 

68 

100 

139 

185 

239 

313 

% 

11 

21 

35 

52 

73 

99 

130 

178 

Vi 

24 

43 

69 

102 

141 

188 

243 

317 

3 

12 

22 

36 

54 

75 

102 

133 

182 

7 

24 

44 

70 

104 

143 

191 

246 

321  ' 

yi 

12 

22 

37 

55 

77 

105 

137 

187 

y% 

25 

45 

71 

105 

145 

194 

250 

326 

ji 

13 

23 

38 

57 

79 

107 

141 

191 

Vi. 

25 

45 

73 

107 

147 

196 

253 

330 

Vi 

13 

24 

39 

58 

81 

110 

144 

195 

% 

26 

46 

74 

108 

149 

199 

257 

334 

H 

13 

24 

40 

60 

84 

113 

148 

200 

H 

26 

47 

75 

110 

152 

202 

260 

339 

H 

14 

25 

41 

61 

86 

116 

151 

204 

% 

26 

47 

76 

111 

154 

205 

264 

343 

% 

14 

26 

42 

63 

88 

118 

155 

208 

% 

27 

48 

77 

113 

156 

207 

267 

347 

Vs 

15 

27 

43 

64 

90 

121 

158 

213 

Vi 

27 

49 

78 

114 

158 

210 

271 

352 

4 

15 

27 

44 

66 

92 

124 

162 

217 

8 

27 

50 

79 

116 

160 

213 

274 

356 

H     15    28 

45 

68 

94 

127 

165 

221 

Yi 

28 

50 

80 

118 

162 

216 

278 

360 

^   |16    29 

47 

69 

96 

130 

169 

226 

H 

28 

51 

81 

119 

164 

219 

281 

365 

Vs    |16 

29 

48 

71 

98 

132 

172  230 

Vs 

29 

52 

82 

121 

166 

221 

285 

369 

H   !l6 

30 

49 

72 

101 

135 

176  234 

y% 

29 

52 

83 

122 

169 

224 

288 

373 

Vs    Il7 

31 

50 

74 

103 

138 

179  239 

y» 

29 

53 

84 

124 

171 

227 

292 

378 

H   '17 

31 

51 

75 

105 

141  183  243 

Ya, 

30 

54 

86 

125 

173 

230 

295 

382 

J^     18 

32 

52 

77 

107 

143  186  247 

v% 

30 

54 

87 

127 

175 

232 

299 

386 

Button  Heads 

Diameter  of  Rivets,  Inches 

% 

Vs      % 

% 

%         1 

IVs      IV* 

100  Heads  as  made  on  riv 

ets,  Poundd, .  . 

2.4 

5.0      9.7 

16.0 

24.0    35.0 

49.0    78.0 

100  Heads  as  driven  in  w 

ork,  Pomids. .  . 

1.9  i  4.0  1  7.5  1 

L2.5 

il8.5    27.0 

37.5  !  51.0 
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AMERICAN  BRIDGE  COMPANY 


SPECIFICATIONS 


STEEL  STRUCTURES 
Design,  Details  of  Construction  and  Workmanship 

Adopted  1912 

DESIGN 

1.  Loads.  The  steel  frame  of  all  structures  shall  be  designed 
so  as  to  safely  support  the  dead  and  live  loads.  The  dead  load  shall 
consist  of  the  weight  of  all  permanent  construction  and  fixtures, 
such  as  walls,  floors,  roofs,  interior  partitions,  and  fi.xed  or  permanent 
appliances.  The  live  load  shall  consist  of  movable  loads  on  floors, 
loads  due  to  machinery  or  other  appliances,  and  the  exterior  loads 
due  to  snow  on  the  roof  and  to  wind. 

2.  For  structures  carrying  traveling  machinery,  such  as  cranes, 
conveyors,  etc.,  25  per  cent  shall  be  added  to  the  stresses  resulting 
from  such  live  load,  to  provide  for  the  effect  of  impact  and 
vibrations. 

3.  The  wind  pressure  shall  be  assumed  acting  horizontally  in 
any  direction  as  follows: — 

First:  For  finished  structures — A  pressure  of  20  pounds  per 
square  foot  on  the  sides  and  ends  of  buildings  and  on  the  vertical 
projection  of  roof  surfaces,  or 

Second:  In  process  of  construction — A  pressure  of  30  pounda 
per  square  foot  on  vertical  surfaces  and  the  vertical  projection  of 
inclined  surfaces  of  all  exposed  metal  or  other  frame  work. 
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4.  Unit  Stresses.  All  parts  of  structures  shall  be  proportioned 
so  that  the  sum  of  the  dead  and  live  loads,  together  with  the 
impact,  if  any,  shall  not  cause  the  stresses  to  exceed  the  following 
amounts  in  pounds  per  square  inch: 

Tension,  net  section,  rolled  steel 16000 

Direct  compression,  rolled  steel  and  steel  castings 16000 

Bending,  on  extreme  fibers  of  rolled  shapes, 

built  sections,  girders,  and  steel  castings leooo 

Bending  on  extreme  fibers  of  pins 24000 

Shear  on  shop  rivets  and  pins 12000 

Shear  on  bolts  and  field  rivets lOOOO 

Shear — average — on  webs  of  plate  girders  and 

rolled  beams,  gross  section lOOOO 

Bearing  pressure  on  shop  rivets  and  pins 24000 

Bearing  on  bolts  and  field  rivets 20000 

Pressure  per  linear  inch  on  expansion  rollers  shall  not  exceed 
600  times  the  diameter  of  rollers  in  inches. 

Axial  compression  of  gross  sections  of  columns,  for 

ratio  of  l/r  up  to  120 19000 — 100  l/r 

with  a  maximum  of 13000 

where  Z=eflfective  length  of  member  in  inches, 

r^corresponding  radius  of  gyration  of  section  in  inches. 

For  ratios  of  I'r  up  to  120,  and  for  greater  ratios  up  to  200,  use 
the  amounts  given  in  the  following  table.  For  intermediate  ratios, 
use  proportional  amounts. 


Ratio 

Amount 

Ratio 

Amount 

60 

13000 

130 

6.500 

70 

12000 

140 

6000 

80 

11000 

150 

5.500 

90 

10000 

160 

5000 

100 

9000 

170 

4500 

110 

8000 

180 

4000 

120 

7000 

190 

3500 

5.  For  bracing  and  combined  stresses  due  to  wind  and  other 
loading,  the  permissible  working  stresses  may  be  increased  25  per 
cent — provided  the  section  thus  found  is  not  less  than  that  required 
by  the  dead  and  live  loads  alone. 
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PROPORTION     OF     PARTS 


6.  General.  The  effective  or  unsupported  length  of  main 
compression  members  shall  not  exceed  120  times,  and  for  secondary 
members  200  times,  the  least  radius  of  gyration. 

7.  In  proportioning  columns,  provision  must  be  made  for 
eccentric  loading. 

8.  In  proportioning  tension  members,  net  section  must  be  used. 
Rivet  holes  deducted  must  be  taken  }/§  inch  larger  than  the  nominal 
size  of  rivets. 

9.  Members  subject  to  the  action  of  both  axial  and  bending 
stresses  shall  be  proportioned  so  that  the  greatest  fiber  stress  will 
not  exceed  the  allowed  limits  in  that  member. 

10.  Members  subject  to  alternate  stresses  of  tension  and 
compression  shall  be  proportioned  for  the  stress  giving  the  largest 
section,  but  their  connections  shall  be  proportioned  for  the  sum  of 
the  stresses. 

11.  Girders.  Rolled  beams  and  channels,  and  built-up  members 
used  as  beams  and  girders  shall  be  proportioned  by  the  moment 
of  inertia  of  their  gross  sections. 

12.  Plate  girder  webs  shall  have  a  thickness  not  less  than  Meo 
of  the  unsupported  distance  between  flange  angles.  The  webs 
shall  have  stiffeners,  generally  in  pairs,  over  bearings,  at  points  of 
concentrated  loading,  and  at  other  points  where  the  thickness  of 
the  web  is  less  than  Veo  of  the  unsupported  distance  between 
flange  angles,  generally  not  farther  apart  than  the  depth  of  the  web 
plate,  with  a  maximum  limit  of  6  feet. 

13.  The  lateral  unsupported  length  of  beams  and  girders  shall 
not  exceed  40  times  the  width  of  the  compression  flange.  When  the 
unsupported  length  (Z)  exceeds  10  times  the  width  (6)  of  the 
compression  flange,  the  stress  per  square  inch  in  the  compression 
flange    shall    not     exceed     19000 — 300  l/b. 


DETAILS  OF  STEEL  CONSTRUCTION 

14.  General.     Adjustable  members  in  any  part  of  structures  shall 
preferably  be  avoided. 

15.  Sections  shall  preferably  be  made  symmetrical. 

16.  No  connection,  except  lattice  bars,  shall  have  less  than  two  rivets. 
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17.  Trusses  shall  preferably  be  riveted  structures.  Heavy 
trusses  of  long  span,  where  the  riveted  field  connections  would 
become  unwieldy,  or  for  other  good  reasons,  may  be  designed  as 
pin-connected  structures. 

18.  Abutting  joint  in  compression  members  faced  for  bearing 
shall  be  spliced  sufficientlj'  to  hold  the  connecting  members  accu- 
rately in  place.  All  other  joints  in  riveted  work,  whether  in  tension 
or  compression,  shall  be  fully  spliced. 

19.  Lateral,  longitudinal  and  transverse  bracing  in  all  structures 
shall  preferably  be  composed  of  rigid  members,  and  shall  be  designed 
to  be  sufficient  to  withstand  wind  and  other  lateral  forces  when 
building  is  in  process  of  erection  as  well  as  after  completion. 

20.  Girders.  When  two  or  more  rolled  beams  are  used  to  form  a 
girder,  they  shall  be  connected  by  bolts  and  separators  at  intervals 
of  not  more  than  5  feet.  All  beams  having  a  depth  of  12  inches  and 
more  shall  have  at  least  two  bolts  to  each  separator. 

21.  The  flange  plates  of  all  girders  shall  be  limited  in  width,  so 
as  not  to  extend  more  than  6  inches  beyond  the  outer  line  of  rivets 
connecting  them  to  the  angles,  or  8  times  the  thickness  of  the 
thinnest  plate. 

22.  Web  stiffeners  shall  be  in  pairs,  and  shall  have  a  close  bearing 
against  the  flange  angles.  Those  over  the  end  bearing  or  forming 
the  connection  between  girder  and  column  shall  be  on  fillers. 
Intermediate  stiffeners  may  be  on  fillers  or  crimped  over  the  flange 
angles.  ^ 

23.  Web  plates  of  girders  must  be  spliced  at  all  points  by  a 
plate  on  each  side  of  the  web,  capable  of  transmitting  the  full  stress 
through  splice  rivets. 

24.  Riveting.  The  minimum  distance  between  centers  of  rivet 
holes  shall  be  three  diameters  of  the  rivet;  but  the  distance  shall 
preferably  be  not  less  than  3  inches  for  J^-inch  rivets,  23^  inches 
for  ^-inch  rivets,  2  inches  for  5^-inch  rivets,  and  1%  inches  for 
J^-inch  rivets.  The  maximum  pitch  in  the  line  of  the  stress  for 
members  composed  of  plates  ard  shapes  will  be  6  inches  for  J^g-inch 
rivets,  6  inches  for  %-inch  rivets,  4J/^  inches  for  5^-inch  rivets  and 
4  inches  for  3^-inch  rivets. 

25.  For  angles  in  built  sections  with  two  gage  lines,  with  rivets 
staggered,  the  maximum  pitch  in  each  line  shall  be  twice  as  great 
as  given  above.  Where  two  or  more  plates  are  in  contact,  rivets 
not  more  than  12  inches  apart  in  either  direction  shall  be  used  to 
hold  the  plates  together. 
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26.  The  minimum  distance  from  the  center  of  any  rivet  hole 
to  a  sheared  edge  shall  be  IH  inches  for  J^-inch  rivets,  IJ^  inches 
for  ^-inch  rivets,  13^  inches  for  ^-inch  rivets,  and  1  inch  for 
3^-inch  rivets;  and  to  a  rolled  edge,  13<^,  13^,  1,  and  J^  inches, 
respectively. 

27.  The  maximum  distance  from  any  edge  shall  be  eight  times 
the  thickness  of  the  plate. 

28.  The  pitch  of  rivets  at  the  ends  of  built  compression  members 
shall  not  exceed  four  diameters  of  the  rivets  for  a  length  equal  to 
one  and  one-half  times  the  maximum  width  of  the  member. 

29.  Latticing.  The  open  sides  of  compression  members  shall  be 
provided  with  lattice  bars,  having  tie  plates  at  each  end  and  at 
intermediate  points  where  the  lattice  is  interrupted.  The  tie 
plates  shall  be  as  near  the  ends  as  practicable.  In  main  members 
carrying  calculated  stresses,  the  end  tie  plates  shall  have  a  length 
not  less  than  the  distance  between  the  lines  of  rivets  connecting 
them  to  the  flanges,  and  intermediate  ones  not  less  than  half 
this  distance.  Their  thickness  shall  not  be  less  than  %o  of  the 
same  distance. 

30.  The  latticing  of  compression  members  shall  be  proportioned 
to  resist  a  shearing  stress  equal  to  2  per  cent  of  the  direct  stress. 
The  minimum  thickness  of  lattice  bars  shall  be  for  single  lattice, 
Vio,  and  for  double  lattice,  Veo  of  the  distance  between  the  end 
rivets.     Their  minimum  widthgphall  be  as  follows: 

For  15-inch  channels,  or 
built  sections  with  3^/2  and  4-inch  angles,  2J^  inches  (K-inch  rivets). 

For  12-10-and  9-inch  channels,  or 
built  sections  with  3-inch  angles 2J^  inches  (%-inch  rivets). 

For  8-and  7-inch  channels,  or 
built  sections  with  2J/2-inch  angles 2      inches  (^/^-inch  rivets). 

For  6-and  5-inch  channels,  or 
built  sections  with  2-inch  angles 1%  inches  (3^-inch  rivets). 

31.  The  inclination  of  lattice  bars  with  the  axis  of  the  member 
shall  generally  be  not  less  than  45  degrees.  When  the  distance 
between  the  rivet  lines  in  the  flanges  is  more  than  15  inches,  if  a 
single  rivet  bar  is  used,  the  lattice  shall  be  double. 

32.  The  pitch  of  lattice  connections,  along  the  flange,  divided 
by  the  least  radius  of  gyration  of  the  member  between  connections, 
shall  be  less  than  the  corresponding  ratio  of  the  member  as  a  whole. 
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33.  Pins.  Pin  holes  shall  be  reinforced  by  plates  where  necessary. 
At  least  one  plate  shall  be  as  wide  as  the  projecting  flanges  will 
allow;  where  angles  are  used,  this  plate  shall  be  on  the  same  side  as 
the  angles.  The  plates  shall  contain  sufficient  rivets  to  distribute 
their  portion  of  the  pin  pressure  to  the  full  cross  section  of  the 
member. 

34  Pins  shall  be  long  enough  to  insure  a  full  bearing  of  all  parts 
connected  upon  the  turned-down  body  of  the  pin.  Members 
packed  on  pins  shall  be  lield  against  lateral  movement. 


WORKMANSHIP 

35.  General.  The  workmanship  shall  be  equal  to  the  best 
practice  in  modern  structural  works.  Shearing  shall  be  done 
accurately,  and  all  portions  of  the  work  exposed  to  view  shall  be 
neatly  finished. 

36.  Punching.  The  diameter  of  the  punch  shall  not  be  more 
than  Vie  inch,  nor  that  of  the  die  more  than  }/$  inch,  larger  than 
the  diameter  of  the  rivet.  Punching  shall  be  done  accurately,  but 
an  occasional  slight  inaccuracy  in  the  matching  of  holes  may  be 
corrected  with  reamer.  Drifting  to  enlarge  unfair  holes  will  not 
be  allowed. 

37.  Riveting.  The  size  of  rivets  shall  be  as  called  for  on  the 
plans.  Rivets  shall  be  driven  by  pressure  tools  wherever  possible. 
Pneumatic  hammers  shall  be  used  in  preference  to  hand  driving. 
Rivets  shall  look  neat  and  finished,  with  heads  of  approved  shape, 
full  and  of  equal  size.  They  shall  be  centered  on  the  shank  and 
shall  grip  the  assembled  pieces  firmly. 

38.  Assembling.  Riveted  members  shall  have  all  parts  well 
pinned  up  and  firmly  drawn  together  with  bolts  before  riveting 
is  commenced.  Contact  surfaces  shall  be  painted.  Abutting 
joints  shall  be  cut  or  dressed  true  and  straight  and  fitted  closely 
together.  In  compression  joints  depending  on  contact  bearing,  the 
surfaces  shall  be  truly  faced,  so  as  to  have  even  bearing  after  they 
are  riveted  up  complete  and  when  perfectly  aligned.  The  several 
pieces  forming  one  built  member  shall  be  straight  and  shall  fit 
closely  together,  and  finished  members  shall  be  free  from  twists, 
bends  or  open  joints. 
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39.  Eye  Bars.  Eye  bars  shall  be  straight  and  true  to  size,  and 
shall  be  free  from  twists,  folds  in  the  neck  or  head,  or  any  other 
defect.  Heads  shall  be  made  by  upsetting,  rolling  or  forging. 
Welding  will  not  be  allowed.  Before  boring,  each  eye  bar  shall  be 
perfectly  annealed  and  carefully  straightened.  Pin  holes  shall  be 
in  the  center  line  of  bars  and  in  the  center  of  heads.  Bars  of  the 
same  length  shall  be  bored  so  accurately  that,  when  placed 
together,  pins  %2  inch  smaller  in  diameter  than  the  pin  holes  can 
be  passed  through  the  holes  at  both  ends  of  the  bars  at  the  same 
time. 

40.  Pins.  Pins  and  rollers  shall  be  turned  accurately  to  gages, 
and  shall  be  straight,  smooth  and  entirely  free  from  flaws.  Pin  holes 
shall  be  bored  true  to  gages,  smooth  and  straight,  at  right  angles 
to  the  axis  of  the  member  and  parallel  to  each  other,  unless  other- 
wise called  for.  Wherever  possible,  the  boring  shall  be  done  after 
the  member  is  riveted  up.  The  distance  from  center  to  center  of 
pin  holes  shall  be  correct  within  %2  inch,  and  the  diameter  of  the 
hole  not  more  than  Vso  inch  larger  than  that  of  the  pin  for  pins 
up  to  5  inches  diameter,  and  V30  inch  for  larger  pins. 

41.  Bed  Plates.  Expansion  bed  plates  shall  be  planed  true  and 
smooth.  The  cut  of  the  planing  tool  shall  correspond  with  the 
direction  of  expansion. 

42.  Annealing.  Steel,  except  in  minor  details,  which  has  been 
partially  heated,  shall  be  properly  annealed.  Welds  in  steel  will 
not  be  allowed.     All  steel  castings  shall  be  annealed. 

43.  Painting.  Steel  work,  before  leaving  the  shop,  shall  be 
thoroughly  cleaned  and  given  one  good  coating  of  such  paint  as 
may  be  called  for,  well  worked  into  all  joints  and  open  spaces. 

44.  In  riveted  work,  the  surfaces  coming  in  contact  shall  be 
painted  before  being  riveted  together. 

45.  Machine-finished  bearing  surfaces  coming  in  contact  with 
similar  surfaces  should  be  coated  with  white  lead  and  tallow  before 
shipment. 

46.  Inspection.  The  manufacturer  shall  furnish  all  facilities  for 
inspecting  and  testing  the  weight,  quality  of  material  and  work- 
manship. He  shall  furnish  a  suitable  testing  machine  for  testing 
the  specimens,  as  well  as  prepare  the  pieces  for  the  machine  free  of 
charge. 

47.  He  shall  give  the  inspector  for  the  purchaser  free  access 
to  all  parts  of  the  works  where  the  material  under  inspection  is 
manufactured. 
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ELEMENTS  OF  SECTIONS 
Definitions 

In  the  computations  of  structural  designing,  certain  mathematical 
expressions  are  used  to  designate  the  values  of  structural  shapes  in 
the  various  conditions  under  which  they  are  subjected  to  stress. 
In  the  pages  which  immediately  follow,  these  values,  usually  called 
properties,  are  given  in  United  States  measurements  for  shapes 
common  in  structural  designs,  and  are  defined  as  follows: — 

A— Area  of  Section,  expressed  in  square  inches. 

Neutral  Axis.  Axis  of  moments  through  center  of  gravity  of  section. 

X  and  y.  Distances  from  the  back  or  working  line  of  a  section  to 
the  center  of  gravity  of  section. 

I— Moment  of  Inertia.  The  summation,  expressed  in  inches  to  the 
fourth  power,  of  the  products  of  the  elementary  areas  of  a  section 
by  the  squares  of  their  distances  from  its  center  of  gravity  or 
other  axis  assumed  for  purposes  of  computation. 

S— Section  Modulus.  The  moment  of  inertia  divided  by  the  distance 
(n)  from  the  axis  of  moments  to  the  extreme  fiber.  In  an  unsym- 
metrical  section  there  are  two  section  moduli  for  each  axis  of 
moments,  the  least  of  which  determines  the  safe  unit  stress. 

r— Radius  of  Gyration.  The  distance  in  inches  from  the  center  of 
moments  of  a  section  to  the  point  or  line  at  which  its  area  is  consid- 
ered concentrated.  The  radius  of  gyration  of  a  section  referred 
to  any  axis  is  always  the  square  root  of  the  moment  of  inertia 
of  the  section  referred  to  that  axis  divided  by  the  area. 

The  section  modulus  is  used  to  determine  the  stress  in  the  extreme 
fiber  of  a  shape  subject  to  bending  by  dividing  the  bending  moment 
by  the  section  modulus,  both  expressed  in  like  units  of  measurement. 
It  is  also  used  vice  versa  in  the  selection  from  a  table  of  shapes  of 
the  proper  section  required  to  support  a  load  by  dividing  the  bend- 
ing stress  by  the  allowable  fiber  stress,  both  in  hke  units  of  weight. 

The  radius  of  gyration  is  used  to  ascertain  the  safe  load  any 
section  or  shape  will  sustain  when  used  in  compression  as  a  strut 
or  column.  The  unbraced  length  of  the  section  divided  by  the 
radius  of  gyration  is  denominated  the  ratio  of  slenderness. 

The  elements  of  steel  sections  are  computed  from  the  theoretical 
dimensions  heretofore  given  by  the  formulas  which  follow  and  no 
approximations  have  entered  into  the  calculations.  No  account 
has  been  taken  of  fillets  or  roundings,  and  in  consequence  weights 
figured  from  areas  will  not  exactly  agree  with  the  nominal  weights 
published. 
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SQUARE 
Axis  of  moments  through  center 
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SQUARE 
Axis  of  moments  on  base 
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SQUARE 
Axis  of  moments  on  diagonal 


=       d2 


Si-i 


V2 

jd*_ 
12 
ds 
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HOLLOW  SQUARE 
Axis  of  moments  through  center 
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HOLLOW  SQUARE 
Axis  of  moments  on  diagonal 
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rectanglp: 

Axis  of  moments  through  center 
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RECTANGLE 
Axis  of  moments  on  base 
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RECTANGLE 
Axis  of  moments  on  diagonal 
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Si-i 
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6A/b2+d2 
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RECTANGLE 
Axis  of  moments  any  line 
through  center  of  gravity 


A      =       bd 
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HOLLOW  RECTANGLE 
Axis  of  moments  through  center 
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, Id 
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A     = 
X      = 

Ii-i= 

Si-i  = 

ri-i  = 


bd 
2 

2d 
3 

bd3 
36 
bd2 
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d 
Vl8 
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d 
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TRAPEZOID 
Axis  of  moments  on  base 
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Si-i= 
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d 
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REGULAR  POLYGON 

Axis  of   moments  through 

center 


Number  of  Sides 
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d_ 
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BEAM 
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EQUAL  ANGLE 
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COMPOUND  SECTIONS 
Moments  of  Inertia,  Section  Moduli,  and  Radii  of  Gthation 

The  moment  of  inertia  of  a  compound  section  about  its  neutral  axis  is  equal  to  the  sum  of 
the  moment  of  inertia,  I,  of  the  component  parts  about  axes  through  their  own  centers  of  gravity, 
plus  the  areas  A,  of  the  component  parts  multiplied  by  the  squares  of  the  distances  d,  of  their 
own  centers  of  gravity  from  the  neutral  axis  of  the  compound  section,  or 


Moment  of  Inertia 
Section  Modulus 


II  =  I+Ad2 

Si=-ii- 


Radius  of  Gyration    ri  =    Xi-rT" 


2  r3.75^ 


Example  1.  Required  the  moments  of  inertia  and  the 
section  moduli  about  axes  1-1  and  2-2  of  a  compound 
section  to  be  used  as  a  girder,  composed  of 

1  Web  Plate  3Z"x}X/' 

4  Flange  Angles       6"x4"x^" 

2  Flange  Plates      14"xM" 

basing  the  properties  on  the  gross  area  of  the  section. 

Determine  the  distances,  of  the  center  lines  of  gravity  of 
plates  and  angles,  from  the  neutral  axes  of  the  compound 
section,  from  the  dimensions  given,  then  for 


AXIS  1-1    Ii-i  of  4-6"x4"x6-^"   Angles 
Ada  of  4-6"x4"x5-^" 
Ii-i  of  l-33"xH"        Plate 

Ii-i  of  2-14"xM" 
Ada  of  2-U'VA" 


=  4  X  7.5 

—  ix    5.86x15.722 
0.50x  33a 


2x 


12 
14x0.75^ 


=  2x  10.50x17.1253 


13479.40    _ 


30.00  Inches  ^ 
5792.46 
1497.38 
0.98 
6158.58   " 
13479.40  Inches  * 
770.26  Inches  » 

84.40  Inches  * 
121.85 

0.34 
343.00 

549.59  Inches  * 
78.51  Inches  » 

If  it  is  desired  to  calculate  the  properties  of  the  net  section,  viz.,  to  deduct  the  area  of  the  rivet 
holes,  proceed  as  follows,  assuming  that  %"  holes  for  %"  rivets  are  to  be  deducted  and  that  not  more 
than  one  rivet  will  be  driven  in  any  one  leg  of  the  angles  in  the  same  plane  of  the  section. 

1 1-]  of  gross  section  =     13479.40  Inches  * 

Ii.iof4-0.875"xl.375"Rectangle8=  4  ^J>-^''^^^-^'^'^ 


Moment  of  Inertia,  gross  section 

Section  Modulus,         "        "  = 

AXIS  2-2    I2-2  of  4-6"x4"x^"    Angles     =  4  x 
Ada  of  4-6"x4"x5^"         "         =  4  x 

I2-2  of  l-33"xi^"  Plate  =  1  x 


I2-2  of  2-14"xM"       "  =  2  X 

Moment  of  Inertia,  gross  section 
Section  Modulus,        "         " 


17.50 

21.1 

5.86x2.28a 

33x0.508 

12 

0.75x143 


12 
549.59 


AXIS  1-1 
Deduct 


12 


4  X  1.203x16.81252  = 
1.75x0.875»      _ 


AXIS  2-2 
Deduct 


Ad2of4-0.875"xl.375" 
Ii.iof2-0.875"xl.75"         "         =  2  x- 
Ad2of2-0.875"xl.75"         "         =        2xl.531xl4.25a  = 

Moment  of  Inertia,  net  section 

Section  Modulus,       "        "    = 
I2-2  of  gross  section 

I2-2  of  4-0.875"xl.375" Rectangles  =4  x jg 

Ad2of4-0.875"xl.375"         "         =4  x  1.203x3 .75a 
l2-2of2-0.875"xl.75"  "        =2  x 

Moment  of  Inertia,  net  section 

Section  Modulus,         "       " 

150 


12 


11496.51 
■         17:50 

1.375x0.8753 


0.875x1.753 


0.76 

1360.16 

0.20 

621.77 


12 


480.83 


11496.51  Inches -i 
656.94  Inches  3 
549.59  Inches  * 
0.31       " 
67.67       " 
0.78       " 
480.83  Inches  * 
68.69  Inches  3 
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COMPOUND  SECTIONS— Concluded 


Example  2.  Required  the  moments  of  inertia  and  radii  of 
g>Tation  about  axes  1-1  and  2-2  of  a  column  section  composed 
as  follows ; — 

2  Channels  12"x30  pounds  per  foot, 

2  Flange  Plates  H"x.H", 

i  1  properties  to  be  based  on   the   gross   section,     no  deduction 

being  made  for  holes. 

Determine  the  distances,  d,  of  center  lines  of  gravity  for 
the  various  sections  from  the  neutral  axes  1-1  and  2-2,  in 
accordance  with  the  dimensions  given,  then  for 


AXIS  1-1    Ii-i  of  2-12"  ChannelsSO  lbs.  =  2x 
Ii-i  of  2-14"xM"  Plates       =  2  x 


161.2 
14  X  0.753 


=     322.40    Inches* 
=         0.98 


Ada  of  2-14"xM' 


=  2  X  10.5  X  6.3752    =      853.45 


Moment  of  Inertia,  g 
Radius  of  Gyration, 


V- 


1176.83 
38.58 


AXIS  2-2    U-2  of  2-12"  Channels 30 lbs.  =   2x    5.2 

Ada   of  2-12"  Channels  30  lbs.  =  2x   8.79x4.172 
I2-2   of  2-14"xM"   Plates      =   2x    -MS^l^a 


1176.83    Inches  * 
=         5.52    Inches 


—       10.40   Inches* 
=      305.70       " 


-  =      343.00 


Moment  of  Inertia,  gross  section 
Radius  of  GjTation,  "         "     = 


659.10  Inches  * 


\|      659.10         ^         4  13   jnj.i,e, 
\       38.58 


=jL 


Example  3.  Required  the  radii  of  gyration  about  axes  1-1 
and  2-2  of  a  strut  section  composed  as  follows : — 

4-6"x4"x  J^"  Angles  latticed  by  %e"  bars, 
properties  to  be  based  on  the  gross   section   of  angles,   no   deduc- 
tions being  made  for  rivet  holes  nor  any  allowance  for  lattice  bars. 

Determine  the  distances,  d,  of  center  lines  of  gravity  of  angles 
from  neutral  axes  1-1  and  2-2  in  accordance  with  the  dimensions 
given,  then  for 


AXIS  1-1    Ii.i    of  4-6"x4"xJ^"  Angles  =  4x4.9  =       19.60   Inches* 

Ada  of  4-6"x4"x?^"       "       =   4  x  3.61  x  5.062     =     369.72 


Moment  of  Inertia,  gross  section 
Radius  of  Gyration,      "        *'  =     \- 


389.32 


14.44 


389.32   Inches* 
=        5.19   Inches 


AXIS  2-2 


From  tables  of  radii  of  gyration  for  2  angles  placed  back  to  back 
page  175,  axis  2-2,  %"  apart,  r2-2  of  4-6"x4"x  J^"  angles  =  2.97  Inches. 
Where  sections  are  assembled  without  any  web  or  flange  plates,  as,  for  example,  latticed 
channel  columns  or  latticed  angle  struts,  the  radius  of  gyration,  ri-i  can  be  readily  obtained , 
without  considering  the  moment  of  inertia,  from  the  radius  of  gyration,  r,  of  one  section  about 
its  neutral  axis,  and  the  distance,  d,  tetween  the  center  of  gravity  of  the  section  and  the 
neutral  axis  parallel  to  the  axis  of  section. 

ri.i=  \ — ^ ,  where  -^=  r2,  and  rj-i  =.^  r2+(i2 

Thufl,  in  the  above  example. 

Tn  ==    ^  1.172 -f  5.062  =  5.19  Inches 
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1 
1 1 

Section 
Index 

Depth 

of 
Beam 

Weight     Area     Width    Thick- 

per    '      of     1     of      '  ness  of 
Foot   1  Section  j  Flange  '    Web 

1 

Axis  1-1 

Axis  2-2 

I 

r     1      S 

I    I    r 

S 

In. 

Lbs. 

In.2 

In.          In.     1    In.* 

1 

In. 

In.3 

In.4 

In. 

In.3 

B61 

27 

90.0 

26.34   9.000 

0.524  2958.31  10.60 

219.1 

75.3 

1.69    16.7 

B  18 

24 

115.0 
110.0 
105.9 

33.67  '.  7.987    0.737  2940.5 
32.18  i  7.925    0.675  2869.1 
30.98    7.875    0.625  2811.5 

9.35 
9.44 
9.53 

245.0 
239.1 
234.3 

82.8 
80.6 
78.9 

1.57  20.7 

1.58  20.3 
1.60    20.0 

B    1 

24 

100.0 
95.0 
90.0 
85.0 
79.9 

29.25    7.247 
27.79  1  7.186 
26.30    7.124 
24.84  i  7.063 
23.33    7.000 

0.747  2371.8 
0.686  2301.5 
0.624  2230.1 
0.563  2159.8 
0.500  2087.2 

9.05 
9.08 
9.21 
9.33 
9.46 

197.6 
191.8 
185.8 
180.0 
173.9 

48.4 
47.0 
45.5 
44.2 
42.9 

1.29  13.4 

1.30  13.0 

1.32  12.8 

1.33  12.5 
1.36    12.2 

B62 

24 

74.2 

21.70   9.000 

0.476  1950.1 

9.48 

162.5 

61.2 

1.68 

13.6 

B  63 

21 

60.4 

17.68    8.250 

0.428  1235.5 

8.36 

117.7 

43.5 

1.57 

10.6 

B     2 

20 

100.0 
95.0 
90.0 
85.0 
81.4 

29.20   7.273 
27.74  i  7.200 
26.26    7.126 
24.80    7.053 
23.74    7.000 

0.873  1648.3 
0.800  1.599.7 
0.726  1.5.50.3 
0.653  1501.7 
0.600  1466.3 

7.51 
7.59 
7.68 
7.78 
7.86 

164.8 
160.0 
155.0 
150.2 
146.6 

52.4 
50.5 
48.7 
47.0 
45.8 

1.34 
1.35 
1.36 
1.38 
1.39 

14.4 
14.0 
13.7 
13.3 
13.1 

B    3 

20 

75.0    21.90    6.391 
70.0    20.42    6.317 
65.4    19.08    6.250 

0.641   1263.5 
0.567  11214.2 
0.500  1169.5 

7.60 
7.71 
7.83 

126.3 
121.4 
116.9 

.30.1 
28.9 
27.9 

1.17 
1.19 
1.21 

9.4 
9.2 
8.9 

B  19 

18 

90.0    26.29    7.236 
85.0    24.81    7.154 
80.0    23.34    7.072 
75.6    22.04    7.000 

0.796  12.56.5 
0.714  1216.6 
0.632  1176.8 
0.560,1141.8 

6.91 
7.00 
7.10 
7.20 

139.6 
135.2 
130.8 
126.9 

51.9 
49.8 
47.9 
46.3 

1.40 
1.42 
1.43 
1.45 

14.3 
14.0 
13.6 
13.2 

B    4 

18 

70.0 
65.0 
60.0 

54.7 

20.46    6.251 
18.98    6.169 
17.50    6.087 
15.94    6.000 

0.711     917.5 
0.629     877.7 
0.547     837.8 
0.460^  795.5 

6.70 
6.80 
6.92 
7.07 

101.9 
97.5 
93.1 

88.4 

24.5 
23.4 
22.3 
21.2 

1.09 
1.11 
1.13 
1.15 

7.8 
7.6 
7.3 
7.1 

B  64 

18 

48.2 

14.09    7.500 

0.380 

737.1 

7.23 

81.9 

30.0 

1.46 

8.0 

B    6 

15 

75.0 
70.0 
65.0 
60.8 

21.85    6.278    0.868     687.2 
20.38    6.180    0.770     659.6 
18.91    6.082    0.672     632.1 
17.68    6.000    0.590 ,  609.0 

5.61 
5.69 

5.78 
5.87 

91.6 

87.9 
84.3 
81.2 

30.6 

28.8 
27.2 
26.0 

1.18 
1.19 
1.20 
1.21 

9.8 
9.3 
8.9 

8.7 

B    7 

15 

55.0  i  16.06    5.738    0.648     508.7 
50.0    14.59    5.640    0.550  '  481.1 
45.0    13.12    5.542    0.452     453.6 
42.9  1  12.49    5.500    0.410     441.8 

5.63 

5.74 
5.88 
5.95 

67.8 
64.2 
60.5 
58.9 

17.0 
16.0 
15.0 
14.6 

1.03 
1.05 
1.07 
1.08 

5.9 
5.7 
5.4 
5.3 

B65 

15 

37.3    lO.Ql    6.750    0.332 !  405.5 

6.10  !    54.1 

19.9  I  1.35!    5.9 
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ELEMENTS   OF  SECTIONS 


ELEMENTS  OF  STRUCTURAL  BEAMS— Concluded 

|2 


Section 
Index 

Depth 

of 
Beam 

Weight 
Foot 

Area 

of 

Section 

Wjdth 

of 
Flange* 

Thick- 
ness of 
Web 

A.vis  1-1 

Axis  2-2 

I 

r 

S 

I 

r 

S 

In. 

Lbs. 

In.3 

In. 

In 

In.4 

In. 

In.a 

In.4 

In. 

In.s 

B     8 

12 

55.0 
50.0 
45.0 
40.8 

16.04 
14.57 
13.10 
11.84 

5.600 
5.477 
5.355 
5.250 

0.810 

0.687 
0.565 
0.460 

319.3 
301.6 
284.1 
268.9 

4.46 

4.65 
4.66 

4.77 

53.2 
.50.3 
47.3 

44.8 

17.3 
16.0 
14.8 
13.8 

1.04 
1.05 
1.06 
1.08 

6.2 
5.8 
5.5 
5.3 

B    9 

12 

35.0 
31.8 

10.20 
9.26 

5.078 
5.000 

0.428 
0.350 

227.0 
215.8 

4.72 
4.83 

37.8 
36.0 

10.0 
9.5 

0.99 
1.01 

3.9 

3.8 

B  66 

12 

27.9 

8.15 

6.000 

0.284 

199.4 

4.95 

33.2 

12.6 

1.24 

4.2 

B  10 

10 

40.0 
35.0 
30.0 
25.4 

11.69 
10.22 

8.75 
7.38 

5.091 
4.944 
4.797 
4.660 

0.741 
0..594 
0.447 
0.310 

158.0 
145.8 
133.5 
122.1 

3.68 
3.78 
3.91 
4.07 

31.6 

29.2 
26.7 
24.4 

9.4 
8.5 
7.6 
6.9 

0.90 
0.91 
0.93 
0.97 

3.7 
3.4 
3.2 
3.0 

B  67 

10 

22.4 

6.54 

5.500  1  0.252 

113.6 

4.17 

22.7 

9.0 

1.17 

3.3 

B  11 

9 

35.0 
30.0 
25.0 
21.8 

10.22 
8.76 

7.28 
6.32 

4.764    0.724 
4.601  1  0.561 
4.4.37    0.397 
4.330  (0.290 

111.3 

101.4 

91.4 

84.9 

3.30 
3.40 
3. .54 
3.67 

24.7 
22.5 
20.3 
18.9 

7.3 
6.4 
5.6 
5.2 

0.84 
0.85 
0.88 
0.90 

3.0 

2.8 
2.5 
2.4 

B  12 

8 

25.5 
23.0 
20.5 
18.4 

7.43 
6.71 
5.97 
5.34 

4.262  '  0..532 
4.171  j  0.441 
4.079  1  0.349 
4.000    0.270 

68.1 
64.2 
60.2 
56.9 

3.03 
3.09 
3.18 
3.26 

17.0 
16.0 
15.1 
14.2 

■  4.7 
4.4 
4.0 
3.8 

0.80 
0.81 
0.82 
0.84 

2.2 
2.1 
2.0 
1.9 

B  68 

8 

17.5 

5.13 

5.000^  0.220 

58.4 

3.38 

14.6 

6.2 

1.10 

2.5 

B  13 

7 

20.0 
17.5 
15.3 

5.83    3.860    0.450 
5.09  1  3.7.55    0..345 
4.43  ,3.660    0.250 

41.9 
38.9 
36.2 

2.68 
2.77 
2.86 

12.0 
11.1 
10.4 

3.1 
2.9 
2.7 

0.74 
0.76 

0.78 

1.6 
1.6 
1.5 

B  14 

6 

17.25 
14.75 
12.5 

5.02 
4.29 
3.61 

3.505  i  0.465 
3.443    0.343 
3.330    0.230 

26.0 
23.8 
21.8 

2.28 
2.36 
2.46 

8.7 
7.9 
7.3 

2.3 
2.1 
1.8 

0.68 
0.69 
0.72 

1.3 
1.2 
1.1 

B  15 

5 

14.75 
12.25 
10.0 

4.29 
3.56 

2.87 

3.284    0.494 
3.137    0.347 
3.000    0.210 

15.0 
13.5 
12.1 

1.87 
1.95 
2.05 

6.0 
5.4 

4.8 

1.7 
1.4 
1.2 

0.63 
0.63 
0.65 

1.0 

0.91 

0.82 

B  16 

4 

10.5 
9.5 

8.5 

7.7 

3.05 
2.76 
2.46 
2.21 

2.870    0.400 
2.796    0.326 
2.723    0.2.53 
2.660    0.190 

7.1 
6.7 
6.3 
6.0 

1.52 
1.56 
1.60 
1.64 

3.5 
3.3 
3.2 
3.0 

1.0 
0.91 
0.83 
0.77 

0.57 
0.58 
0.58 
0.59 

0.70 
0.65 
0.61 
0.58 

B  17 

3 

7.5 
6.5 
5.7 

2.17 
1.88 
1.64 

2. .509 
2.411 
2.3.30 

0.349 
0.251 
0.170 

2.9 
2.7 
2.5 

1.15 
1.19 
1.23 

1.9 

1.8 
1.7 

0.59 
0.51 
0.46 

0.52 
0.52 
0.53 

0.47 
0.43 
0.40 
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CARNEGIE    STEEL    COMPANY 


ELEMENTS  OF  H  BEAMS 


Section 
Index 

Depth 

of 
Beam 

Weight 
per 
Foot 

Area 

of 
Section 

Width 

of 
Flange 

Thick- 
ness 
of  Web 

Axis  1-1 

Axis  2-2 

I 

r 

S 

I 

r      1    S 

In. 

Lbs. 

In.2 

In. 

In. 

In.* 

In. 

In.3 

In.4 

In.        In.s 

H4 
H3 
H2 
H  1 

8 
6 
5 
4 

34.3 
24.1 
18.9 
13.8 

10.01 
7.01 
5.47 
4.00 

8.0 
6.0 
5.0 
4.0 

.375 
.313 
.313 
.313 

115.4 
45.1 
23.8 
10.7 

3.40 
2.54 
2.08 
1.63 

28.9 

15.0 

9.5 

5.3 

35.1 

14.7 

7.9 

3.6 

1.87 
1.45 
1.20 
0.95 

8.8 
4.9 
3.1 
1.8 

ELEMENTS  OF  U.  S.  STEEL  SHEET  PILING  SECTIONS 


l-c— 


d-l 


Dimensions 

Weight 
per 
Foot 

Area 

of 

Section 

Axis  1-1 

Section 
Index 

b 

c 

d 

t 

I 

r 

S 

In. 

In. 

In. 

In. 

Lbs. 

In.2 

In.* 

In. 

In.» 

M  105 
M  104 
M  103 

13M 

13M 

9M 

315A6 
31%6 

29A8 

2Ji 
2J4 

y2 

42.5 

38 

16 

12.51 
11.30 

4.71 

8.56 
8.50 
1.45 

0.83 
0.87 
0.56 

4.35 
4.32 
1.13 
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ELEMENTS   OF 

SECTIONS 

ELEMENTS  OF  STRUCTURAL  CHANNELS 

American  Standard  Sections 

2 

ll                    '"• 

'  Depth     Weight  1  Area    \  Width 
of            per    1      of      ;      of 

Thick- 
ness of 
Web 

Axis  1-1 

Axis  2-2 

Index 

Channel 

Foot 

Section 

Flange 

I         r    1 

S 

I 

r 

S 

y 

In. 

Lbs. 

In.» 

In. 

In. 

In.4 

In. 

In.8 

In.* 

In. 

In.8 

In. 

0.82 
0.80 
0.79 
0.78 
0.79 
0.79 

C    1 

1 
15 

55.0 

50.0 

45.0 

40.0 

35.0     1 

33.9 

16.11 

14.64 
13.17 
11.70 
10.23 
9.90 

3.814 
3.716 
3.618 
3.520 
3.422 
3.400 

0.814 
0.716 
0.618 
0.520 
0.422 
0.400 

429.0  5.16 

iOl.4  5.24 
373.9  5.33 
346.3  5.44 
318.7  5.58 
312.6  5.62 

57.2 
53.6 

49.8 
46.2 
42.5 
41.7 

12.1 
11.2 
10.3 
9.3 
8.4 
8.2 

0.87  4.1 
0.87  3.8 
0.88  3.6 
0.89  3.4 
0.91  3.2 
0.91  !3  2 

C    2 

12 

40.0 
35.0 
30.0 
25.0 
20.7 

11.73  '  3.415    0.7.^10   196.5  ^4.09  '32.8 

10.26    3.292    0.632   178.8  4.18  29.8 

8.79    3.170    0.510  161.2  4.28  26.9 

7.32    3.047    0.387   143.5  4.43  [23.9 

6.03    2.940    0.280  128.1  4.61  ^21.4 

6.6    I0.75  2.5 
5.9     0.76  2.3 
5.2     0.77  2.1 
4.5     0.79  1.9 
3.9     0.81  1.7 

0.72 
0.69 
0.68 
0.68 
0.70 

C    3 

10 

35.0 
30.0 
25.0 
20.0 
15.3 

10.27    3.180    0.820   115.2  3.34 '23.0     4.6     0.671.9 
8.80    3.033    0.673   103.0  3.42  20.6     4.0     0.67  1.7 
7.33    2.886    0.526:   90.7  3.52  18.1     3.4     0.68  1.5 
5.86    2.739    0.379     78.5  3.66  15.7     2.8     0.70  1.3 
4.47    2.600    0.240!   66.9  3.87   13.4     2.3     J0.72J1.2 

0.69 
0.65 
0.62 
0.61 
0.64 

C    4 

9 

25.0 
20.0 
15.0 
13.4 

7.33    2.812    0.612 
5.86    2.648    0.448 
4.39    2.485    0.285 
3.89    2.430    0.230 

70.5  3.10  15.7     3.0     0.64  1.4 

60.6  3.22   13.5     2.4     0.65  1.2 

50.7  3.40  11.3     1.9     0.67  1.0 
47.3  3.49  10.5     1.8     0.67  0.97 

0.61 
0.59 
0.59 
0.61 

C     5 

8 

21.25 
18.75 
16.25 
13.75 
11.5 

6.23    2.619 
5.49    2.527 
4.76    2.435 
4.02    2.343 
3.36    2.260 

0.579 
0.487 
0.395 
0..303 
0.220 

47.6  2.77  11.9 

43.7  2.82  10.9 

39.8  2.89     9.9 
35.8  2.99  i   9.0 
32.3  3.10  j   8.1 

2.2  0.60  1.1 
2.0     0.60  1.0 
1.8     0.61  0.94 

1.5  0.62  0.86 

1.3  0.63  0.79 

1.8     0.56  0.96 

1.6  0..56  0.86 

1.4  0.57  0.79 
1.2     0.58  0.71 
0.98  0.59  :0.63 

0..59 
0.57 
0.56 
0.56 
0.58 

C    6 

7 

19.75 
17.25 
14.75 
12.25 
9.8 

5.79 
5.05 
4. .32 
3.58 
2.85 

2. .509 
2.404 
2.299 
2.194 
2.090 

0.629 
0.524 
0.419 
0.314 
0.210 

33.1 
30.1 
27.1 
24.1 
21.1 

2.39 
2.44 
2.51 
2.59 
2.72 

9.4 
8.6 
7.7 
6.9 
6.0 

0.58 
0.55 
0..53 
0.53 
0.55 

C     7 

6 

15.5 

13.0 

10.5 

8.2 

4.54 
3.81 
3.07 
2.39 

2.279 
2.157 
2.034 
1.920 

0.5.59 
0.437 
0.314 
0.200 

19.5 
17.3 
15.1 
13.0 

2.07 
2.13 
2.22 
2.34 

6.5 
5.8 
5.0 
4.3 

1.3     0.53  0.73 
1.1     p..53  0.65 
0.87  0.53  0..57 
0.70  0.54  0.50 

0.55 
0.52 
0..50 
0.52 

C     8 

5 

11.5 
9.0 
6.7 

3.36 
2.63 
1.95 

2.032 
1 .885 
1.7.50 

0.472 
0.325 
0.190 

10.4 

8.8 
7.4 

1.76 
1.83 
1.95 

4.1 
3.5 
3.0 

0.82  0.49  '0..54 
0.64  0.49  0.45 
0.48  0.50  0.38 

0.51 
0.48 
0.49 

C    9 

4 

7.25 
6.25 
5.4 

2.12 
1.82 
1.56 

1.720 
1.647 
1.580 

0.320 
0.247 
0.180 

4.5 
4.1 
3.8 

1.47 
1..50 
1.56 

2.3 
2.1 
1.9 

0.44  0.46  0.35 
0.38  0.45  0.32 
0.32  0.45  0.29 

0.46 
0.46 
0.46 

C  10 

3 

6.0 

5.0 

1    4.1 

1.75 
1.46 
1.19 

1 .596 
1.498 
1.410 

0.3.56 
0.258 
0.170 

2.1 

1      1.8 

1.6 

1.08 
1.12 
1.17 

1.4 

1.2 

,    1.1 

0.31  0.42  0.27 
0.25  0.41  0.24 
0.20  0.41  0.21 

0.46 
0.44 
10.44 
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CARNEGIE  STEEL 

COMPANY 

ELEMENTS  OF  SHIP  BUILDING  CHANNELS 

American  Standard  Sections 

2 

* 

.    \L.    I 

2i 

;        V 

> 

ii 

"^ 

Depth 

of 
Chan- 
nel 

Wt. 

Area 
of 

Sec- 
tion 

Width 

Thick- 

Axis 1-1 

Axis  2-2                   1 

Section 
Index 

per 
Foot 

of 
Flange 

ness  of 
Web 

1 

I 

r 

S 

I 

r 

s 

y 

In. 

Lbs. 

In.2 

In. 

In. 

In.* 

In. 

In.s 

In.4 

In. 

In.8 

In. 

tC  60 

18 

58.0 
51.9 

45.8 
42.7 

16.98 
15.18 
13.38 
12.48 

4.200 
4.100 
4.000 
3.950 

.700 
.600 
.500 
.450 

670.7 
622.1 
573.5 
549.2 

6.29 
6.40 
6.55 
6.64 

74.5 
69.1 
63.7 
61.0 

18.5 
17.1 
15.8 
15.0 

1.04 
1.06 
1.09 
1.10 

5.6 
5.3 
5.1 
4.9 

0.88 
0.87 
0.89 
0.90 

C  21 
(BSC  26) 

12 

44.7 
40.6 
36.5 
34.5 

13.05 
11.85 
10.65 
10.05 

4.200 
4.100 
4.000 
3.950 

.725 
.625 
.525 
.475 

245.0 
230.6 
216.2 
209.0 

4.33 
4.41 
4.51 

4.57 

40.8 
38.4 
36.0 
34.8 

16.8 
15.5 
14.2 
13.5 

1.14 
1.15 
1.16 

1.16 

5.3 
5.1 
4.8 

4.7 

1.04 
1.04 
1.06 
1.07 

C  171 
(BSC  25) 

12 

41.1 
37.0 
32.9 

30.9 

12.00 

10.80 

9.60 

9.00 

3.700 
3.600 
3.500 
3.450 

.700 
.600 
.500 
.450 

217.8 
203.4 
189.0 

181.8 

4.26 
4.34 
4.44 
4.50 

36.3 
33.9 
31.5 
30.3 

11.3 

10.3 

9.4 

8.9 

0.97 
0.98 
0.99 
0.99 

4.0 
3.8 
3.6 
3.5 

0.89 
0.89 
0.89 
0.90 

C  26 
(BSC  21) 

10 

37.0 
33.6 
30.2 

28.5 

10.81 
9.81 
8.81 
8.31 

4.200 
4.100 
4.000 
3.950 

.675 
.575 
.475 
.425 

146.3 
138.0 
129.7 

125.5 

3.68 
3.75 
3.84 
3.89 

29.3 
27.6 
25.9 
25.1 

14.9 
13.7 
12.5 

11.8 

1.18 
1.18 
1.19 
1.19 

4.8 
4.6 
4.3 
4.2 

1.10 
1.11 
1.13 
1.15 

C  27 
(BSC  20) 

10 

35.1 
31.7 
28.3 
26.6 
24.9 

10.23 
9.23 
8.23 

7.73 
7.23 

3.700 
3.600 
3.500 
3.450 
3.400 

.675 
.575 
.475 
.425 
.375 

133.6 
125.2 
116.9 

112.7 
108.6 

3.61 
3.69 
3.77 

3.82 

3.88 

26.7 
25.0 
23.4 

22.5 
21.7 

10.4 
9.5 
8.6 

8.1 
7.6 

1.01 
1.01 
1.02 
1.02 
1.03 

3.8 
3.6 
3.4 
3.3 
3.2 

0.95 
0.95 
0.96 
0.97 
0.98 

C  28 
(BSC   19) 

10 

25.3 
23.6 
21.9 

7.38 
6.88 
6.38 

3.5.50 
3.500 

3.450 

.425 
.375 
.325 

106.0 
101.8 

97.6 

3.79 
3.85 
3.91 

21.2 
20.4 
19.5 

7.9 
7.5 
7.0 

1.04 
1.04 

1.05 

3.0 
2.9 

2.8 

0.94 
0.96 

0.98 

C  31 
(BSC   18) 

9 

34.7 
31.7 
28.6 
27.1 

10.13 
9.23 
8.33 

7.88 

4.200 
4.100 
4.000 
3.950 

.675 
.575 
.475 
.425 

113.0 
106.9 
100.9 

97.8 

3.34 
3.40 
3.48 
3.52 

25.1 
23.8 
22.4 
21.7 

14.5 
13.3 
12.1 

11.4 

1.20 
1.20 
1.20 

1.20 

4.8 
4.5 
4.3 
4.2 

1.15 
1.16 
1.18 
1.20 

C  32 
(BSC   17) 

9 

31.6 
28.5 
25.4 
23.9 

9.21 
8.31 
7.41 

6.96 

3.700 
3.600 
3.500 
3.450 

.650 
.550 
.450 
.400 

99.4 
93.4 
87.3 
84.3 

3.29 
3.35 
3.43 

3.48 

22.1 
20.7 
19.4 

18.7 

9.7 
8.8 
8.0 
7.5 

1.03 
1.03 
1.04 
1.04 

3.6 
3.4 
3.2 
3.1 

0.98 
0.98 
1.00 
1.01 

C  36 
(BSC   13) 

8 

28.2 
25.5 
22.8 
21.4 

8.23 
7.43 
6.63 
6.23 

3.700 
3.600 
3.500 
3.450 

.625 
.525 
.425 
.375 

71.8 
67.6 
63.3 
61.2 

2.95 
3.02 
3.09 
3.13 

18.0 
16.9 
15.8 
15.3 

9.0 
8.2 
7.4 
6.9 

1.05 
1.05 
1.05 
1.05 

3.4 
3.2 
3.0 
2.9 

1.02 
1.02 
1.04 
1.05 

C  37 
(BSC  12) 

8 

25.5 
22.7 
20.0 
19.3 

18.7 

7.43 
6.63 
5.83 
5.63 
5.43 

3.225 
3.125 
3.025 
3.000 

2.975 

.600 
.500 
.400 
.375 
.350 

62.6 
58.3 
54.0 
53.0 
51.9 

2.90 
2.97 
3.05 
3.07 
3.09 

15.6 
14.6 
13.5 
13.2 
13.0 

5.8 
5.3 
4.7 
4.5 
4.4 

0.89 
0.89 
0.90 
0.90 
0.90 

2.5 
2.3 
2.2 
2.1 
2.1 

0.86 
0.85 
0.86 
0.87 
0.88 

Dimensions 
tC  60  is  nets 

and  pr 
inAme 

Qperties  of  the  British 
ican  Standard  Sectior 

Standard  Sections  are  indicated  in  bold  ty 
;  profile  is  shown  on  page  66  with  Structura 

pe. 

Channels. 
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ELEMENTS   OF   SECTIONS 


ELEMENTS  OF  SHIP  BUILDING  CHANNELS 

American  Standard  Sections 


4U=L 


Section 
Index 

Depth 
of 

Chan- 
nel 

Wt. 
per 

Area 
of 

Width 

of 
Flange 

Thick- 
ness ol 
Web 

A.\is  1-1 

Axis  2-2 

Foot  :  ^"X, 
tion 

I 

r 

S 

I 

r 

S 

>' 

In. 

Lbs.     In.2 

In. 

In. 

In.4 

In. 

In.s 

In.4 

In. 

In.3 

In. 

C  41 
(BSCIO) 

C  42 

(BSC9) 

C  46 

(BSC8) 

C  109 

C47 

(BSC7) 

C  48 

(BSC5) 

7 
7 

6 

6 
6 

6 

25.0 
22.7 
20.3 
19.1 

20.0 
17.6 
16.4 

22.0 
20.0 
18.0 
16.9 

15.3 

16.3 

15.1 

13.3 
12.0 

7.. 30 
6.60 
5.90 
5.55 

5.82 
5.12 

4.77 

6.42 
5.82 
5.22 
4.92 

4.48 

4.75 
4.37 

3.90 
3.52 

3.700 
3.600 
3.500 
3.450 

3.100 
3.000 

2.950 

3.700 
3.600 
3.500 
3.450 

3.500 

3.000 

2.938 

2.563 
2.500 

0.600 
0.500 
0.400 
0.350 

0.475 
0.375 
0.325 

0.575 
0.475 
0.375 
0.325 

0.340 

0.375 

0.313 

0.375 
0.313 

49.9 
47.1 
44.2 

42.8 

40.2 
37.3 
35.9 

33.0 
31.2 
29.4 

28.5 

25.3 

25.8 
24.7 

19.7 
18.6 

2.62 
2.67 
2.74 

2.78 

2.63 
2.70 

2.74 

2.27 
2.32 
2.38 
2.41 

2.38 

2.33 

2.38 

2.25 
2.30 

14.3 
13.5 
12.6 
12.2 

11.5 
10.7 

10.2 

11.0 

10.4 

9.8 

9.5 

8.4 

8.6 

8.2 

6.6 
6.2 

8.3 
7.5 
6.7 
6.3 

4.7 
4.2 
3.9 

7.6 
6.9 
6.1 
5.7 

5.1 

4.0 

3.6 

2.1 
2.0 

1.07 
1.07 
1.07 
1.07 

0.90 
0.90 
0.90 

1.09 
1.09 
1.08 
1.08 

1.08 

0.91 

0.91 

0.74 
0.75 

3.2 
3.0 
2.8 
2.7 

2.1 
2.0 
1.9 

2.9 
2.8 
2.6 
2.5 

2.1 

1.9 

1.8 

1.2 
1.1 

1.06 
1.07 
1.09 
1.11 

0.88 
0.90 
0.91 

1.12 
1.13 
1.15 
1.17 

1.08 

0.95 

0.97 

0.71 
0.72 

Dimensions  and  properties  of  the  British  Standard  Sections  arc  indicated  in  bold  type. 


ELEMENTS  OF  CAR  BUILDING  CHANNELS 


50.0 

14.664.4120.787 

312.9 

4.62 

48.1 

16.7 

1.07 

4.9 

0.98 

45.0 

13.184.2080.673 

292.0 

4.71 

44.9 

15.3 

1.08 

4.6 

0.97 

tC     20 

13 

40.0 

11.714.1850.560 

271.4 

4.82 

41.7 

13.9 

1.09 

4.3 

0.97 

37.0 

10.824.1170.492 

258.9 

4.89 

39.8 

13.0 

1.10 

4.2 

0.98 

35.0 

10.244.0720.447  2.50.7 

4.95 

38.6 

12.5 

1.10 

4.0 

0.99 

31.8 

9.304.0000.375  237.5!  5.05 

36.5 

11.6 

1.11 

3.9 

1.01 

50.0 

14.644.1.350.8.3.51268.1 

4.28 

44.7 

17.8 

1.10 

5.8 

1.06 

48.6 

14.224.1000.800  263.0 

4.30 

43.8 

17.3 

1.10 

5.7 

1.05 

tC  170 

12 

46.6 

13. 624. 0.500. 7.50  255.8 

4.33 

42.6 

16.6 

1.11 

5.5 

1.05 

44.5 

13.024.0000.700  248.6 

4.37 

41.4 

16.0 

1.11 

5.4 

1.05 

40.0 

11. 703. 8000. .590  232. 8 

4.46 

38.8 

14.5 

1.12 

5.1 

1.05 

35.0 

10.233.7670.467  215.1 

4.59 

35.8 

12.9 

1.12 

4.8 

1.07 

C  106 

5H 

17.0 

4.993.5000.375 

26.1 

2.29 

9.1 

5.9 

1.08 

2.5 

1.15 

C  200 

4 

13.8 

4.002.5000.500 

8.8 

1.49 

4.4 

2.2 

0.74 

1.4 

0.86 

C  220 

4 

10.1 

2.962.0870.394 

1 

6.6 

1.47 

3.3 

1.1 

0.62 

0.79 

0.67 

C  190 

3 

7.1 

2.061.9840.250 

2.8 

1.17 

1.9 

0.75 

0.60 

0.60 

0.72 

tProfiles  of  C  20  and  C  170  are  shown  on  pages  66  and  67  with  Structural  Channels. 
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CARNEGIE    STEEL    COMPANY 


ELEMENTS  OF  SHIP  BUILDING  BULB  ANGLES 

American  Standard  Sections 


2 

yd 


-x-- ^1 


t_^3_2 


Section 
Index 


Size 


Inches 


Thick- 
ness 
of 
Web 


In. 


BA195  10x3.^g;^25 


Wt. 
per 
Foot 


Lbs. 


35.2 
33.2 


BA   196  10  x3}i 


0.625  31.1 
0.575  29.1 


Area 
of 

Sec- 
tion 


In.2 


Axis  1-1 


Axis  2-2 


In.4 


10.35  122 

9.77115 

9.14  110 
8.55  104 


BA   197  10  xSi,*'-^^^ 

(BSBA18)        "  ^-0.475 

BA  2059,1^  x3H 


0.600 
0.55O 


?Ar?69>ix3}2"-^"" 
|0.450 


(BSBA17) 
BA  201 

BA  202 


BA  203 
(BSBA 16) 


0.675 
^  ^^^=^0.625 

9   x3iJ°-^^^ 
^   ""^^ '0.525, 

9   xsJ"-^" 
^   ''^^'0.425' 


BA  20881-^x33-^ 


BA  209 
{BSBA  14) 


8J2X332 
BA  211  8}^  X  3 


0.575 
0.525 

0.475 

0.425 

0.550 
0.500 


BA  212  a,,  ^   o   0.450 
(BSBA  13)°  2  X  s  \^^^ 


26.9 

24.9 

7.90 

7.32 

28.8 
26.9 

8.47 
7.91 

24.7 
22.8 

7.28 
6.72 

30.4 

28.6 

8.95 
8.41 

26.6 
24.8 

7.82 
7.29 

22.7 
20.9 

6.68 

6.14 

25.3 
23.5 

7.43 
6.92 

21.6 

19.8 

6.34 

5.83 

23.4 
21.7 

6.89 
6.39 

19.8 

18.1 

5.84 
5.34 

92 

93. 

87. 

82. 

77. 

86 

81, 

77, 
73 

68. 
63 

65 
61 

57. 
53. 

60 
56 

52 

48 


In.       In.s      In. 


3.43 
3.44 

3.48 
3.49 

3.53 

3.55 

3.32 


22.3 
21.2 

20.3 
19.2 

18.3 
17.2 

17.9 


3.33  '  16.9 


3.37 

3.39 


16.0 
15.1 


4.53 
4.52 

4.56 
4.56 


.3  3.11    17.2 
3.12     16.4 


3.15 
3.17 


4J3.20 

8  3.22 

5  2.97 
7  2.98 

7  3.02 

8  3.04 


.11  2.96 
.41  2.97 

.71  3.00 

.9'  3.03 


15.6 
14.8 

13.9 

13.1 

13.8 
13.0 

12.3 

11.5 

13.1 
12.3 

11.6 

10.8 


In.* 


6.3 

5.8 

5.6 
5.1 


4.62 

4.8 

4.63 

4.4 

4.30 

5.3 

4.29 

4.9 

4.36 

4.6 

4.36 

4.2 

4.00 

5.8 

3.98 

5.4 

4.03 

5.1 

4.03 

4.7 

4.10 

4.3 

4.10 

3.9 

3.74 

5.0 

3.73 

4.6 

3.80 

4.3 

3.80 

3.9 

3.89 

3.1 

3.89 

2.8 

3.96 

2.6 

3.96 

2.3 

In. 


0.78 
0.77 

0.78 
0.77 

0.78 

0.78 

0.79 
0.79 

0.79 
0.79 

0.81 
0.80 

0.81 
0.80 

0.81 
0.80 

0.82 
0.82 

0.82 
0.82 

0.67 
0.66 

0.67 

0.66 


S 
In.3 


2.3 
2.1 

2.0 
1.9 

1.7 

1.6 

1.9 
1.8 

1.6 

1.5 

2.1 
2.0 

1.8 
1.7 

1.5 

1.4 

1.8 
1.7 

1.5 

1.4 

1.3 
1.2 


In. 


0.76 
0.74 

0.72 
0.70 

0.69 

0.68 

0.73 
0.71 

jO.69 

I  0.68 

0.76 
0.74 

[0.73 

0.71 

0.70 
0.68 

0.74 
!o.72 

0.71 
0.69 

0.63 
0.61 


1.1     0.60 

0.99  0.58 


Dimensions  and  properties  of  the  British  Standard  Sections  are  indicated  in  bold  type. 
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ELEMENTS    OF    SECTIONS 


ELEMENTS  OF  SHIP  BUILDING  BULB  ANGLES 
American  Standard  Sections 


2 


'\==^J^ 


Size 

Thick- 
ness 
of 
Web 

Wt. 
per 
Foot 

Area 

of 

Sec- 
tion 

Axis  1-1 

Axis  2-2 

Index 

I 

r 

S 

X 

I 

r 

S 

y 

Inches 

In. 

Lbs. 

In.2 

In.* 

In. 

la  8 

In. 

In.* 

In. 

In.8 

In. 

BA  214 

8    xSJ^ 

0.550 
0.500 

23.2 
21.6 

6.83    53.7 
6.34    50.4 

2.81 
2.82 

11.9 
11.2 

3.49 
3.48 

4.8 
4.4 

0.84 
0.83 

1.7 
1.6 

0.75 
0.73 

BA  215 
(BSBA12) 

8  •s.ZVi 

0.450 
0.400 

19.6 

18.0 

5.78 
5.29 

47.1 

43.8 

2.85^ 

2.88 

10.6 

9.8 

3.54 
3.54 

4.0 
3.7 

0.84 
0.83 

1.4 

1.3 

'0.71 
0.70 

BA  217 

8x3 

0.575 
0.525 

23.1 
21.4 

6.78 
6.31 

52.4 
49.2 

2.78 
2.79 

12.0 
11.3 

3.64 
3.63 

3.2 
2.9 

0.69 
0.68 

1.3 

1.2 

0.65 
0.63 

BA  218 
(BSBAll) 

8x3 

0.475 
0.425 

19.6 
18.0 

5.78 '46.1 
5.30    42.9 

2.82 
2.84 

10.6 
10.0 

3.70 
3.70 

2.7 
2.4 

0.69 
0.68 

1.1 
1.0 

0.62 
0.60 

BA  220 

7Hx3J^ 

0.575 
0.525 

22.8 
21.2 

6.71    46.2 
6.24  (43.4 

2.63 
2.64 

10.8 
10.2 

3.24 
3.23 

4.9 
4.5 

0.86 
0.85 

1.8 
1.7 

0.77 
0.75 

BA  221 
(BSBA 10) 

7J4X3H 

0.475 
0.425 

19.4 
17.8 

5.70  1  40.6 
5.24  1  37.8 

2.67 
2.69 

9.6 
9.0 

3.29 
3.29 

4.2 
3.8 

0.85 
0.85 

1.5 
1.4 

0.73 
0.72 

BA  223 

7Hx  3 

0.525 
0.475 

20.3 

18.8 

5.98 
5.53 

41.0 
38.4 

2.62 
2.63 

9.9 
9.3 

3.36 
3.35 

2.9 
2.6 

0.69 
0.69 

1.2 
1.1 

0.64 
0.62 

BA  224 
(BSBA  9) 

7J4X  3 

0.425 
0.375 

17.1 

15.6 

5.02 

4.57 

35.7 
33.1 

2.67 

2.69 

8.8 

8.2 

3.42 

3.42 

2.4 

2.2 

0.69 

0.69 

1.0 

0.92 

0.61 

0.60 

BA  226 

7   X3>^ 

0.525 
0.475 

20.0 
18.6 

5.90 
5.46 

35.5 
33.2 

2.45 
2.47 

8.8 
8.2 

2.95 
2.94 

4.5 
4.1 

0.87 
0.88 

1.6 
1.5 

0.77 
0.75 

BA  227 
(BSBA  8) 

^  ^<^l 

16.8 
15.3 

4.94    30.9 

4.50    28.6 

2.50 
2.52 

7.7 

7.2 

3.00 

2.99 

3.7 

3.4 

0.87 
0.87 

1.4 

1.2 

0.74 
0.72 

BA  229 

7   X  3  °-^°° 
'   ^  "*  0.450 

18.4 
16.9 

5.41    32.5 
4.98    30.3 

2.45 
2.46 

8.3 

7.8 

3.09 
3.08 

2.7 
2.5 

0.71 
0.70 

1.3 
1.2 

0.65 
0.63 

BA  230 
(BSBA  7) 

0.400 
^   ^  ^  'o.350 

15.3 

13.9 

4.50    28.1 
4.07  -25.9 

2.50 

2.52 

7.3 

6.7 

3.14 

3.14 

2.3 
2.0 

0.71 

0.70 

1.0 

0.61 

0.60 

Dimensions  and  properties  of  the  British  Standard  Sections  are  indicated  in  bold  type. 
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CARNEGIE    STEEL    COMPANY 


ELEMENTS  OF  SHIP  BUILDING  BULB  ANGLES 

American  Standard  Sections 


2 


.„x — j} 


s£y 


Section 
Index 

Size 

Thick- 
ness 
of 
Web 

Wt. 
Foot 

Area 
of 

Sec- 
tion 

Axis  1-1 

Axis  2-2 

I 

r 

S 

X 

I 

r 

S 

y 

Inches 

In. 

Lbs. 

In.2 

In.* 

In.   • 

In.  8 

In. 

In.4 

In. 

In.3 

In. 

BA  233 
(BSBA6) 

61/2x31/2 

0.400 

0.350 

15.0 

13.6 

4.42 

4.01 

23.9 

22.1 

2.33 

2.35 

6.3 

5.9 

2.72 
2.71 

3.5 
3.1 

0.89 

0.89 

1.3 

1.2 

0.7S 

0.73 

BA  236 
(BSBA5) 

61/2  X   3 

0.425 
0.375 
0.350 

15.0 
13.6 
12.9 

4.40 
4.00 
3.80 

23.5 
21.7 

20.8 

2.31 
2.33 
2.34 

6.4 
6.0 

5.7 

2.87 
2.87 
2.86 

2.3 
2.1 

2.0 

0.73 
0.72 

0.72 

0.97 
0.88 
0.84 

0.64 
0.62 
0.61 

*Uoyd 

6  xSVs 

0.475 
0.425 

16.4 
14.8 

4.82 
4.34 

21.4 
19.9 

2.11 

2.14 

6.0 
5.6 

2.44 
2.49 

4.0 
3.6 

0.91 
0.92 

1.5 
1.3 

0.80 
0.78 

*Lloyd 

6  x3y2 

0.375 

0.350 

13.4 

12.8 

3.95 

3.76 

18.4 

17.6 

2.16 

2.17 

5.2 
5.0 

2.49 

2.48 

3.3 

3.1 

0.91 

0.91 

1.2 

1.1 

0.76 

0.76 

BA  241 

6x3 

0.525 
0.475 

16.8 
15.6 

4.95 
4.58 

21.7 
20.2 

2.09 
2.10 

6.3 
5.9 

2.56 
2.55 

2.8 
2.5 

0.75 
0.74 

1.2 
1.1 

0.69 
0.67 

BA  242 
CBSBA4) 

6x3 

0.425 
0.375 
0.350 

14.1 
12.8 
12.2 

4.14 
3.76 

3.58 

18.8 
17.4 
16.6 

2.13 
2.15 
2.16 

5.5 
5.1 
4.9 

2.60 
2.60 
2.59 

2.3 
2.1 

1.9 

0.75 
0.74 
0.74 

0.96 
0.87 
0.83 

0.66 
0.64 
0.63 

BA  244 

5V2X  3 

0.500 
0.450 

15.1 
13.9 

4.45 
4.10 

16.5 
15.3 

1.92 
1.93 

5.1 

4.8 

2.31 
2.30 

2.6 

2.4 

0.76 
0.76 

1.1 
1.0 

0.71 
0.69 

BA  245 
(BSBA3) 

5V3X  3 

0.400 
0.350 
0.325 

12.5 
11.3 

10.7 

3.68 
3.33 
3.16 

14.2 
13.0 
12.5 

1.96 
1.98 
1.99 

4.5 
4.1 
4.0 

2.35 
2.35 
2.34 

2.1 
1.9 

1.8 

0.76 
0.76 

0.75 

0.90 
0.81 

0.77 

0.67 
0.65 

0.64 

BA  251 
(BSBA2) 

0.375 

5  x2y2  0.32S 

0.300 

10.4 
9.3 

8.8 

3.06 
2.74 
2.59 

9.7 
8.8 

8.4 

1.78 
1.79 
1.80 

3.4 
3.1 
3.0 

2.20 
2.19 
2.19 

1.2 
1.0 
0.95 

0.62 
0.61 
0.61 

0.58 
0.52 
0.49 

0.56 
0.54 
0.53 

*Lloyd  section,  rolled  by  Pencoyd  Iron  Works  (Pencoyd  60A). 
Dimensions  and  properties  of  the  British  Standard  Sections  are  indicated  in  bold  type. 


160 


ELEMENTS    OF    SECTIONS 


ELEMENTS  OF  SHIP  BUILDING  BULB  ANGLES 

Miscellaneous  Sections 


— X ^1 

- — } — -^ 


Sizes 

TUck- 

ness 

of 

Web 

Wt. 
per 
Foot 

Area 
of 

Sec- 
tion 

Axis  1-1 

Axis  2-2 

Section 
Index 

I 

r 

S 

X 

I 

r 

S 

y 

Inches 

In. 

Lbs. 

In.2 

In.* 

In. 

In.8 

In. 

In.* 

In. 

In.8 

In. 

BA   143 
BA   144 
BA   145 
BA  146 
BA  147 

5  X2J^ 

4^X2K 

3x2 

3  xlH 

2HxVA 

0.240 
0.220 
0.190 
0.160 
0.150 

8.3 

6.7 

3.60 

3.25 

2.66 

2.44 
1.95 
1.08 
0.97 
0.84 

8.6 
5.6 
1.3 
1.2 
0.74 

1.89 
1.69 
1.09 
1.13 
0.94 

3.4 

2.4 

0.74 

0.72 

0.55 

2.41 
2.12 
1.24 
1.31 
1.17 

0.91 
0.60 
0.31 
0.21 
0.12 

0.61 
0.56 
0.54 
0.47 
0.38 

0.47 
0.34 
0.20 
0.16 
0.11 

0.55 
0.5O 
0.45 
0.41 
0.36 

ELEMENTS  OF  CAR  BUILDING  BULB  ANGLES 


i:i_ 


Sizcfl 

Thick- 
ness 

Wt 
Foot 

Area 
of 

Sec- 
tion 

Axis  1-1 

Axis  2-2 

Section 
Index 

oizes           ^j 
Web 

I 

r 

S 

X 

I 

r 

s 

y 

Inches 

In. 

Lbs. 

In.2 

In.* 

In. 

In.8 

In. 

In.4 

In. 

In.8 

In. 

BA  125 
BA  124 
BA  122 
BA   123 

5  X4H 

5  x3H 
4  x3M 
4  x3J^ 

0.438 
0.375 
0.500 
0.375 

19.3 
13.2 
14.3 
11.9 

5.66 
3.82 
4.21 
3.48 

20.8 

13.5 

8.7 

7.9 

1.91 
1.88 
1.44 
1.50 

7.9 
4.9 
3.7 
3.5 

2.39 
2.22 
1.65 
1.77 

7.9 
3.3 
3.9 
3.1 

1.18 
0.92 
0.96 
0.94 

2.4 
1.2 
1.5 
1.2 

1.23 

o.se 

0.99 
0.94 
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CARNEGIE    STEEL    COMPANY 


ELEMENTS  OF  EQUAL  ANGLES 

3. 

\ 

\ 

O                   '^1 

T\ 

• 

-2 

~N)            ? 

1     \ 

i 

a 

Weight 

Area 

A.\is  1-1  and  Axis  2 

2 

Axis  3-3 

Section 

Size 

J3 

per 
Foot 

of 
Section 

Index 

E-i 

I 

r 

S 

X 

r  mln. 

Inches 

In. 

Pounds 

In.2 

In.4 

In. 

In.3 

In. 

In. 

1% 

56.9 

16.73 

98.0 

2.42 

17.6 

2.41 

1.55 

IHe 

54.0 

15.87 

93.5 

2.43 

16.7 

2.39 

1.56 

1 

51.0 

15.00 

89.0 

2.44 

15.8 

2.37 

1.56 

1%6 

48.1 

14.12 

84.3 

2.44 

14.9 

2.34 

1.56 

% 

45.0 

13.23 

79.6 

2.45 

14.0 

2.32 

1.56 

Al 

8x8 

1%6 

42.0 

12.34 

74.7 

2.46 

13.1 

2.30 

1.57 

% 

38.9 

11.44 

69.7 

2.47 

12.2 

2.28 

1.57 

^Vie 

35.8 

10.53 

64.6 

2.48 

11.2 

2.25 

1.58 

% 

32.7 

9.61 

59.4 

2.49 

10.3 

2.23 

1.58 

%6 

29.6 

8.68 

54.1 

2.50 

9.3 

2.21 

1.58 

y2 

26.4 

7.75 

48.6 

2.51 

8.4 

2.19 

1.58 

1 

37.4 

11.00 

35.5 

1.80 

8.6 

1.86 

1.16 

1%6 

35.3 

10.37 

33.7 

1.80 

8.1 

1.84 

1.16 

% 

33.1 

9.73 

31.9 

1.81 

7.6 

1.82 

1.17 

I'He 

31.0 

9.09 

30.1 

1.82 

7.2 

1.80 

1.17 

% 

28.7 

8.44 

28.2 

1.83 

6.7 

1.78 

1.17 

A2 

6x6 

lyio 

26.5 

7.78 

26.2 

1.83 

6.2 

1.75 

1.17 

% 

24.2 

7.11 

24.2 

1.84 

5.7 

1.73 

1.17 

%6 

21.9 

6.43 

22.1 

1.85 

5.1 

1.71 

1.18 

Va 

19.6 

5.75 

19.9 

1.86 

4.6 

1.68 

1.18 

Tie 

17.2 

5.06 

17.7 

1.87 

4.1 

1.66 

1.19 

% 

14.9 

4.36 

15.4 

1.88 

3.5 

1.64 

1.19 

1 

30.6 

9.00 

19.6 

1.48 

5.8 

1.61 

0.96 

1%6 

28.9 

8.50 

18.7 

1.48 

5.5 

1.59 

0.96 

% 

27.2 

7.98 

17.8 

1.49 

5.2 

1.57 

0.96 

"A« 

25.4 

7.47 

16.8 

1.50 

4.9 

1.55 

0.97 

% 

23.6 

6.94 

15.7 

1..50 

4.5 

1.52 

0.97 

A3 

5x5 

1^6 

21.8 

6.40 

14.7 

1.51 

4.2 

1.50 

0.97 

% 

20.0 

5.86 

13.6 

1.52 

3.9 

1.48 

0.97 

%0 

18.1 

5.31 

12.4 

1.53 

3.5 

1.46 

0.98 

Va 

16.2 

4.75 

11.3 

1.54 

3.2 

1.43 

0.98 

%e 

14.3 

4.18 

10.0 

1.55 

2.8 

1.41 

0.98 

% 

12.3 

3.61 

8.7 

1.56 

2.4 

1.39 

0.99 

1%6 

19.9 

5.84 

8.1 

1.18 

3.0 

1.29 

0.77 

3/4 

18.5 

5.44 

7.7 

1.19 

2.8 

1.27 

0.77 

1^6 

17.1 

5.03 

7.2 

1.19 

2.6 

1.25 

0.77 

% 

15.7 

4.61 

6.7 

1.20 

2.4 

1.23 

0.77 

A4 

4x4 

%0 

14.3 

4.18 

6.1 

1.21 

2.2 

1.21 

0.78 

1/t 

12.8 

3.75 

5.6 

1.22 

2.0 

1.18 

0.78 

■^/ic 

11.3 

3.31 

5.0 

1.23 

1.8 

1.16 

0.78 

% 

9.8 

2.86 

4.4 

1.23 

1.5 

1.14 

0.79 

%« 

8.2 

2.40 

3.7 

1.24 

1.3 

1.12 

0.79 

¥4 

6.6        1.94 

3.0 

1.25 

1.0 

1.09 

0.79 
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ELEMENTS    OF    SECTION 


ELEMENTS  OF  EQUAL  ANGLES— 

Concluded 

3. 

\ 
\ 

o 

! 

£t 

: 

i^ 

\ 

ll     \3 

Si.e       '      1 

Weight 

Area 

Axis  1-1  and  Axis  2-2 

Axis  3-3 

per 
Foot 

of 
Section 

Index 

^ 

I 

r 

s 

X 

r  min. 

■  Inches         In. 

Pounds 

In.2 

In.4 

In. 

In.8 

In. 

In. 

"A6 

17.1 

5.03 

5.3 

1.02 

2.3 

1.17 

0.67 

% 

16.0 

4.69 

5.0 

1.03 

2.1 

1.15 

0.67 

"Ab 

14.8 

4.34 

4.7 

1.04 

2.0 

1.12 

0.67 

% 

13.6 

3.98 

4.3 

1.04 

1.8 

1.10 

0.68 

A    5     ^3y,.  X  3H.     "^J* 

12.4 

3.62 

4.0 

1.05 

1.6 

1.08 

0.68 

11.1 

3.25 

3.6 

1.06 

1.5 

1.06 

0.68 

%o 

9.8 

2.87 

3.3 

1.07 

1.3 

1.04 

0.68 

% 

8.5 

2.48 

2.9 

1.07 

1.2 

1.01 

0.69 

1                                  %6 

7.2 

2.09 

2.5 

1.08 

0.98 

0.99 

0.69 

1   y* 

5.8 

1.69 

2.0 

1.09 

0.79 

0.97 

0.69 

1   % 

11.5 

3.36 

2.6 

0.88 

1.3 

0.98 

0.57 

»Ao 

10.4 

3.06 

2.4 

0.89 

1.2 

0.95 

0.58 

y2 

9.4 

2.75 

2.2 

0.90 

1.1 

0.93 

0.58 

A    7       3x3        %o 

8.3 

2.43 

2.0 

0.91 

0.95 

0.91 

0.58 

% 

7.2 

2.11 

1.8 

0.91 

0.83 

0.89 

0.58 

%6 

6.1 

1.78 

1.5 

0.92 

0.71 

0.87 

0.59 

y* 

4.9 

1.44 

1.2 

0.93 

0.58 

0.84 

0.59 

V2 

7.7 

2.25 

1.2 

0.74 

0.73 

0.81 

0.47 

%0 

6.8 

2.00 

1.1 

0.75 

0.65 

0.78 

0.48 

'  % 

5.9 

1.73 

0.98 

0.75 

0.57 

0.76 

0.48 

A    9     2V2  X  2V-.     %6 

5.0 

1.47 

0.8o 

0.76 

0.48 

0.74 

0.49 

'     Vi 

4.1 

1.19 

0.70 

0.77 

0.39 

0.72 

0.49 

%0 

3.07 

0.90 

0.55 

0.78 

0.30 

0.69 

0.49 

l-fe 

2.08 

0.61 

0.38 

0.79 

0.20 

0.67 

0.50 

%6 

5.3 

1..56 

0..54 

0.59 

0.40 

0.66 

0.39 

% 

4.7 

1.36 

0.48 

0.59 

0.35 

0.64 

0.39 

A  11       2x2        ^^^" 

3.92       1.15 

0.42 

0.60 

0.30 

0.61 

0.39 

3.19       0.94 

0.35 

0.61 

0.25 

0.59 

0.39 

%8 

2.44      0.71 

0.28 

0.62 

0.19 

0.57 

0.40 

% 

1.66       0.48 

0.19 

0.63 

0.13 

0.55 

0.40 

%n 

4.6         1.34 

0.35 

0.51 

0.30 

0.59 

0.33 

% 

3.99      1.17 

0.31 

0.51 

0.26 

0.57 

0.34 

A  12      1%  X  1%      ^4" 

3.39       1.00 

0.27 

0.52 

0.23 

0.55 

0.34 

2.77      0.81 

0.23 

0.53 

0.19 

0.53 

0.34 

1       %6 

2.12      0.62 

0.18 

0.54 

0.14 

0.51 

0.35 

% 

1.44       0.42 

0.13 

0.55 

0.10 

0.48 

0.35 

% 

3.35      0.98 

0.19 

0.44 

0.19 

0.51 

0.29 

%e 

2.86      0.84 

0.16 

0.44 

0.16 

0.49 

0.29 

A  13 

1%  X  lya      Vt 

2.34      0.69 

0.14 

0.45 

0.13 

0.47 

0.29 

"He 

1.80 

0..53 

0.11 

0.46 

0.10 

0.44 

0.29 

ys 

1.23 

0.36 

0.08 

0.46 

0.07 

0.42 

0.30 

%6 

2.33 

0.68 

0.09 

0.36 

0.11 

0.42 

0.24 

A  15 

iy4  X  ly* 

%6 

1.92 
1.48 

0.56 
0.43 

0.08 
0.06 

0.37 
0.38 

0.09 
0.07 

0.40 
0.38 

0.24 
0.24 

v& 

1.01 

0.30 

0.04 

0.38 

0.05 

0.35 

0.25 

y* 

1.49 

0.44 

0.04 

0.29 

0.06 

0.34 

0.19 

A  16 

1      X      1     i       %9 

1.16 

0.34 

0.03 

0.30 

0.04 

0.32 

0.19 

% 

0.80  ;    0.23 

0.02 

0.31 

0.03 

0.30 

0.19 
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CARNEGIE    STEEL 

COMPANY 

ELEMENTS  OF  UNEQUAL 

ANGLES 

n--x— • 

' 

2- 

:j-- 

^2 

(^ 

K^            -         - 

i 

L 

1          ^^3 

1 

S  § 

Area 

Axis  1-1 

Axis  2-2 

Axis 

Size 

1 

.2f(S 

of 

Sec- 
tion 

3-3 

I 

r 

S 

X 

I 

r 

S 

y 

rmin. 

Inches 

In.     Lbs. 

1X1.3 

In.4 

In. 

In.8 

In. 

In.4 

In. 

In.3 

In.   i     In. 

1         44.2 

13.00 

80.8 

2.49 

15.1 

2.65 

38.8 

1.73 

8.9 

1.65    1.28 

Wio  41.7 

12.25 

76.6 

2.50  i  14.3 

2.63 

36.8 

1.73 

8.4 

1.63    1.28 

Vs      39.1 

11.48 

72.3 

2.51 

13.4 

2.61 

34.9 

1.74 

7.9 

1.61     1.28 

1^10  36.5 

10.72 

67.9 

2.52 

12.5 

2.59 

32.8 

1.75 

7.4 

1.59    1.29 

?4      33.8 

9.94 

63.4 

2.53 

11.7  i2.56 

30.7 

1.76 

6.9 

1.56    1.29 

A  18 

8x6 

Hifi  31.2 

9.15'  58.8 

2.54 

10.8  '  2.54 

28.6 

1.77 

6.4 

1.54    1.29 

%      28.5 

8.36 

54.1 

2.54 

9.9  ;  2.52 

26.3 

1.77 

5.9 

1.52    1.30 

%«    25.7 

7.56 

49.3 

2.55 

8.9 

2.50 

24.0 

1.78 

5.3 

1.50    1.30 

Vo      23.0 

6.75 

44.3 

2.56 

8.0 

2.47 

21.7 

1.79 

4.8 

1.47    1.30 

-Ae    20.2 

5.93 

39.2 

2.57 

7.1 

2.45 

19.3 

1.80 

4.2 

1.45    1.30 

1         35.7 

10.50 

66.2 

2.51 

13.7 

3.17 

7.8 

0.86  '  3.0 

0.92    0.73 

ifio  33.7 

9.90 

62.9 

2.52 

12.9 

3.14 

7.4 

0.87  :   2.9 

0.89    0.73 

Vs 

31.7 

9.30 

59.4 

2.53 

12.2 

3.12 

7.1 

0.87     2.7   10.87    0.73 

i^i« 

29.6 

8.68 

55.9 

2.54 

11.4 

3.10 

6.7 

0.88     2.5     0.85    0.73 

^i 

27.5 

8.06 

52.3 

2.55 

10.6 

3.07 

6.3 

0.88     2.3   '0.82    0.73 

A  53 

8  X  3J4 

IVio 

25.3 

7.43 

48.5 

2.56 

9.8 

3.05 

5.9 

0.89  1   2.2 

0.80    0.73 

''/s 

23.2 

6.80 

44.7 

2.57  1    9.0 

3.03 

5.4 

0.90     2.0 

0.78    0.74 

»/l6 

21.0 

6.15 

40.8 

2.57      8.2    3.00 

5.0 

0.90     1.8 

0.75    0.74 

Vs 

18.7 

5.50 

36.7 

2.58  1    7.3  :  2.98 

4.5 

0.91      1.6 

0.73    0.74 

'Ag 

16.5 

4.84 

32.5 

2.59 

6.4 

2.95 

4.1 

0.92     1.5 

0.70    0.74 

1 

32.3 

9.50 

45.4 

2.19 

10.6 

2.71 

7.5 

0.89     3.0 

0.96    0.74 

1%6 

30.5 

8.97 

43.1 

2.19 

10.0 

2.69 

7.2 

0.89     2.8 

0.94    0.74 

"/s 

28.7 

8.42 

40.8 

2.20 

9.4 

2.66 

6.8 

0.90     2.6 

0.91  1  0.74 

18/i6 

26.8 

7.87 

38.4 

2.21 

8.8    2.64 

6.5 

0.91     2.5   ;0.89    0.74 

% 

24.9 

7.31 

36.0 

2.22 

8.2  1  2.62 

6.1 

0.91     2.3     0.87    0.74 

A  19 

7x3}^ 

iVie 

23.0 

6.75 

33.5 

2.23 

7.6 

2.60 

5.7 

0.92     2.1     0.85 

0.74 

% 

21.0 

6.17 

30.9 

2.24 

7.0 

2.57 

5.3 

0.93  ,  2.0  |0.82 

0.75 

%6 

19.1 

5.59 

28.2 

2.25 

6.3 

2.55 

4.9 

0.93     1.8     0.80 

0.75 

y2 

17.0 

5.00 

25.4 

2.25 

5.7 

2.53 

4.4 

0.94     1 .6     0.78    0.75 

Tie 

15.0 

4.40 

22.6 

2.26 

5.0 

2.50 

4.0 

0.95     1.4     0.75    0.76 

■ 

% 

13.0 

3.80 

19.6 

2.27 

4.3 

2.48 

3.5 

0.96     1.3 

0.73 

0.76    1 

1 

30.6 

9.00 

30.8 

1.85 

8.0 

2.17 

10.8 

1.09 

3.8 

1.17 

0.85 

1%0 

28.9 

8.50 

29.3 

1.86 

7.6 

2.14 

10.3 

1.10 

3.6 

1.14 

0.85 

T^ 

27.2 

7.98  27.7 

1.86 

7.2 

2,12 

9.8 

1.11 

3.4 

1.12 

0.86 

13A« 

25.4 

7.47  26.1 

1.87      6.7 

2.10 

9.2 

1.11 

3.2 

1.10    0.86     1 

»A 

23.6 

6.94|  24.5 

1.88      6.2 

2.08 

8.7 

1.12 

3.0     1.08    0.86 

A  20 

6x4 

"/lO 

21.8 

6.40!  22.8 

1.89      5.8    2.06 

8.1 

1.13 

2.8  1  1.06  :0.86 

?s 

20.0 

5.86  21.1 

1.90      5.3    2.03 

7.5 

1.13     2.5     1.03    0.86 

%« 

18.1 

5.31   19.3 

1.90      4.8    2.01 

6.9 

1.14     2.3     1.01    0.87 

1-2 

16.2 

4.75}  17.4 

1.91      4.3    1.99 

6.3 

1.15     2.1     0.99    0.87 

%« 

14.3 

4.181  15.5 

1.92      3.8    1.96 

5.6 

1.16     1.8     0.96    0.87 

3/s 

12.3 

3.61   13.5 

1.93      3.3    1.94 

4.9 

1.17     1.6     0.94    0.88 

ELEMENTS    OF    SECTIONS 


ELEMENTS  OF  UNEQUAL  ANGLES— Continue 

d 

K1 

3.^ 

2-     -    ~^ 

>.      ^- 

1          ^^3 

is 

Size 

1 

■M 

s 

^1 

Area 
of 

Sec- 
tion 

Axis  1-1 

Axis  2-2 

Axis 
3-3 

p 

I 

r. 

S 

X 

I 

r 

S 

y 

rmln. 

Inches  1  In. 

Lbs. 

In.2 

In.* 

In. 

In.« 

In. 

In.* 

la 

In.8 

In. 

In. 

1 

28.9 

8.50 

29.2 

1.85 

7.8 

2.26 

7.2 

0.92 

2.9 

1.01 

0.74 

^•yio 

27.3 

8.03    27.8 

1.86 

7.4 

2.24     6.9 

0.93  1  2.7 

0.99 

0.74 

v^ 

25.7 

7.55 

26.4 

1.87 

7.0 

2.22     6.6 

0.93    2.6 

0.97 

0.75 

i?i6 

24.0 

7.06 

24.9    1.88 

6.6 

2.20 

6.2 

0.94 

2.4 

0.95 

0.75 

% 

22.4    6.56 

23.3    1.89 

6.1 

2.18 

5.8 

0.94 

2.3 

0.93 

0.75 

A  21  6  X  3^1.  lY^^ 

20.6    6.06 

21.7    1.89 

5.6 

2.15 

5.5 

0.95 

2.1 

0.90 

0.75 

18.9 

5.55 

20.1    1.90 

5.2 

2.13 

5.1 

0.96 

1.9 

0.88 

0.75 

»/l6 

17.1 

5.03 

18.4:1.91 

4.7 

2.11 

4.7 

0.96 

1.8 

0.86 

0.75 

y2 

15.3 

4.50    16.6!  1.92 

4.2 

2.08 

4.3 

0.97 

1.6 

O.Si, 

0.76 

•^e 

13.5 

3.97  !  14.8  1  1.93 

3.7 

2.06 

3.8 

0.98  1  1.4 

o.sr 

0.76 

% 

11.7 

3.42    12.9    1.94 

3.3 

2.04 

3.3 

0.99 

1.2 

0.79 

0.77 

%6 

9.8 

2.87    10.9  ;  1.95 

2.7 

2.01  1  2.9 

1.00 

1.0 

0.76 

0.77 

% 

24.2 

7.11    16.4    1.52 

5.0 

1.71  :  9.2 

1.14 

3.3 

1.21 

0.84 

1%6 

22.7 

6.65    15.5    1.53 

4.7 

1.68 

8.7 

1.15 

3.1 

1.18 

0.84 

% 

21.1  '6.19    14.6    1.54 

4.4   11.66 

8.2 

1.15  1  2.9 

1.16 

0.84 

1^6 

19.5    5.72     13.6    1.54 

4.1     1.64 

7.7 

1.16    2.7 

1.14 

0.84 

A  22!5  X   4 

% 

17.8 

5.23     12.6    1..55 

3.7   i  1.62 

7.1 

1.17!  2.5 

1.12 

0.84 

%6 

16.2 

4.75     11.6    1..56 

3.4   >  1.60 

6.6 

1.18 

2.3 

1.10 

0.85 

1 

% 

14.5 

4.25     10.5    1.57 

3.1     1.57  '  6.0 

1.18 

2.0 

1.07 

0.85 

•vie 

12.8 

3.75      9.3  ,  1.58 

2.7     1.55 

5.3 

1.19 

1.8 

1.05 

0.85 

% 

11.0 

3.23      8.1    1.59 

2.3     1.53 

4.7 

1.20 

1.6 

1.03 

0.86 

% 

22.7 

6.67    15.7    1.53 

4.9     1.79 

6.2 

1 
0.96  1  2.5 

1.04 

0.75 

1%6 

21.3    6.25  ,  14.8    1.54 

4.6     1.77 

5.9 

0.97    2.4 

1.02 

0.75 

% 

19.8  15.81  :  13.9    1.55 

4.3   1  1.75 

5.6 

0.98    2.2 

1.00 

0.75 

iVis  18.3  1  5.37'  13.0;  1.56 

4.0     1.72 

5.2 

0.98    2.1 

0.97 

0.75 

%      16.8    4.92  I  12.0    1..56 

3.7  1  1.70 

4.8 

0.99  1  1.9 

0.95 

0.75 

A  23 

5  X  3Vj 

»A6     15.2    4.47  H  1.0    1.57 

3.3  1  1.68  j  4.4 

1.00    1.7 

0.93 

0.75 

V^      13.6    4.00     10.0    1.58 

3.0     1.66  1  4.0 

1.01    1.6 

0.91 

0.75 

■vie  1  12.0    3..=>3       8.9    1.59 

2.6     1.63  ■  3.6 

1.01    1.4 

0.88 

0.76 

%    1  10.4    3.05       7.8    1.60 

2.3 

1.61 

3.2 

1.02    1.2 

0.86 

0.76 

%a 

8.7  j  2.56  '    6.6 

1.61 

1.9 

1.59 

2.7 

1.03    1.0 

0.84 

0.76 

1%6 

19.9  :  5.84  '  14.0 

1..55 

4.5 

1.86 

3.7 

0.80    1.7 

0.86 

0.64 

% 

18.5    5.44     13.2    1.. 55 

4.2 

1.84!  3.5 

0.80    1.6 

0.84 

0.64 

iViBl  17.1    5.03     12.3    1.56 

3.9 

1.82 

3.3 

0.81    1.5 

0.82 

0.64 

%      15.7    4.61     11.4    1.57 

3.5 

1.80 

3.1 

0.81    1.4 

0.80 

0.64 

A24 

5x3 

oAit    14.3    4.18     10.4    1.58 

3.2 

1.77 

2.8 

0.82    1.3 

0.77 

0.65 

V2      12.8 '3.75       9.5    1.59 

2.9 

1.75 

2.6 

0.83    1.1 

0.75    0.65 

lU    11.3    3.31       8.4    1.60 

2.6 

1.73 

2.3 

0.84    1.0 

0.73    0.65 

%        9.8    2.86      7.4    1.61 

2.2 

1.70 

2.0 

0.84  j  0.89 

0.70    0.65 

%6      8.2    2.40      6.3    1.61 

1.9 

1.68!  1.8 

0.85  1  0.75 

0.68    0.66 
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ELEMENTS  OF  UNEQUAL  ANGLES— Continued 


-1-^ T-2 


ir-^3 


•2| 

Size 

i 

1 

|f2 

Area 
of 

Sec- 

Axis 1-1 

Axis  2-2 

Axis 
3-3 

"S'2 

fe  fe 

J-s 

^ 

■^  p. 

tion 

I 

r 

S 

X 

I 

r 

S 

y 

rmin. 

Inches 

In. 

Lbs. 

In.3 

In.4 

In. 

In.3 

In. 

In.* 

In. 

In.s 

In. 

In. 

1%8 

18.5 

5.43 

10.3 

1.38 

3.6 

1.65 

3.6 

0.81 

1.7 

0.90    0.64 

% 

17.3 

5.06 

9.7 

1.39 

3.4 

1.63 

3.4 

0.82 

1.6 

0.88 

0.64 

1146 

16.0 

4.68 

9.1 

1.39 

3.1 

1.60 

3.2 

0.83 

1.5 

0.85 

0.64 

% 

14.7 

4.30 

8.4 

1.40 

2.9 

1.58 

3.0 

0.83 

1.4 

0.83 

0.64 

A  25 

4y2x3 

%6 

13.3 

3.90 

7.8 

1.41 

2.6 

1.56 

2.8 

0.85 

1.3 

0.81 

0.64 

V2 

11.9 

3.50 

7.0 

1.42 

2.4 

1.54 

2.5 

0.85 

1.1 

0.79 

0.65 

^/if, 

10.6 

3.09 

6.3 

1.43 

2.1 

1.51 

2.3 

0.85 

1.0 

0.76 

0.65 

% 

9.1 

2.67 

5.5 

1.44 

1.8 

1.49 

2.0 

0.86 

0.88 

0.74 

0.66 

%6 

7.7 

2.25 

4.7 

1.44 

1.5 

1.47 

1.7 

0.87 

0.75 

0.72 

0.66 

1%6 

18.5 

5.43 

7.8 

1.19 

2.9 

1.36 

5.5 

1.01 

2.3 

1.11 

0.72 

% 

17.3 

5.06 

7.3 

1.20 

2.8 

1.34 

5.2 

1.01 

2.1 

1.09 

0.72 

iyi6 

16.0 

4.68 

6.9 

1.21 

2.6 

1.32 

4.9 

1.02 

2.0 

1.07 

0.72 

% 

14.7 

4.30 

6.4 

1.22 

2.4 

1.29 

4.5 

1.03 

1.8 

1.04    0.72 

A  26 

4  xSVa 

«/l6 

13.3 

3.90 

5.9 

1.23 

2.1 

1.27 

4.2 

1.03 

1.7 

1.02    0.72 

y2 

11.9 

3.50 

5.3 

1.23 

1.9 

1.25 

3.8 

1.04 

1.5 

1.00    0.72 

%6 

10.6 

3.09 

4.8 

1.24 

1.7 

1.23 

3.4 

1.05 

1.3 

0.98  ,  0.72 

% 

9.1 

2.67 

4.2 

1.25 

1.5 

1.21 

3.0 

1.06 

1.2 

0.96    0.73 

%6 

7.7 

2.25 

3.6 

1.26 

1.3 

1.18 

2.6 

1.07 

1.0 

0.93    0.73 

^io 

17.1 

5.03 

7.3 

1.21 

2.9 

1.44 

3.5 

0.83 

1.7 

0.94  '  0.64 

% 

16.0 

4.69 

6.9 

1.22 

2.7 

1.42 

3.3 

0.84 

1.6 

0.92    0.64 

i^ia 

14.8 

4.34 

6.5 

1.22 

2.5 

1.39 

3.1 

0.84 

1.5 

0.89    0.64 

¥s 

13.6 

3.98 

6.0 

1.23 

2.3 

1.37 

2.9 

0.85 

1.4 

0.87    0.64 

A  27 

4x3     »A6 

12.4 

3.62 

5.6 

1.24 

2.1 

1.35 

2.7 

0.86 

1.2 

0.85  ;  0.64 

V2 

11.1 

3.25 

5.0 

1.25 

1.9 

1.33 

2.4 

0.86    1.1 

0.83    0.64 

%6 

9.8 

2.87 

4.5 

1.25 

1.7 

1.30 

2.2 

0.87  :i.o 

0.80    0.64 

% 

8.5 

2.48 

4.0 

1.26 

1.5 

1.28 

1.9 

0.88  j  0.87 

0.78    0.64 

•%6 

7.2 

2.09 

3.4 

1.27 

1.2 

1.26 

1.7 

0.89  1  0.74 

0.76    0.65 

V4 

5.8 

1.69 

2.8 

1.28 

1.0 

1.24 

1.4 

0.89    0.60 

0.74    0.65 

1%6 

15.8 

4.62 

5.0 

1.04 

2.2 

1.23 

3.3 

0.85    1.7 

0.98    0.62 

% 

14.7 

4.31 

4.7 

1.04 

2.1 

1.21    3.1 

0.85  i  1.5 

0.96    0.62 

11^6 

13.6 

4.00 

4.4 

1.05 

1.9 

1.19  J3.0 

0.86!  1.4 

0.94  ;  0.62 

% 

12.5 

3.67 

4.1 

1.06 

1.8 

1.17 

2.8 

0.87    1.3 

0.92  1  0.62 

A  28 

3V2X  3 

%6 

11.4 

3.34 

3.8 

1.07 

1.6 

1.15 

2.5 

0.87!  1.2 

0.90    0.62 

^2 

10.2 

3.00 

3.5 

1.07 

1.5 

1.13 

2.3 

0.88    1.1 

0.88    0.62 

Tie 

9.1 

2.65 

3.1 

1.08 

1.3 

1.10 

2.1 

0.89 

0.98 

0.85  1  0.62 

% 

7.9 

2.30 

2.7 

1.09 

1.1 

1.08 

1.8 

0.90 

0.85 

0.83    0.62 

%e 

6.6 

1.93 

2.3 

1.10 

0.96 

1.06 

1.6 

0.90 

0.72 

0.81 

0.63 

y* 

5.4 

1.56 

1.9 

1.11 

0.78 

1.04 

1.3 

0.91 

0.58 

0.79 

0.63 

iVie 

12.5 

3.65 

4.1 

1.06 

1.9 

1.27 

1.7 

0.69 

0.99 

0.77 

0.53 

% 

11.5 

3.36 

3.8 

1.07 

1.7 

1.25 

1.6 

0.69 

0.92 

0.75 

0.53 

%6 

10.4 

3.06 

3.6 

1.08 

1.6 

1.23    1.5 

0.70 

0.84 

0.73 

0.53 

A  2931/2x21/2 

y2 

9.4 

2.75 

3.2 

1.09 

1.4 

1.20  11.4 

0.70 

0.76 

0.70 

0.53 

■Ae 

8.3 

2.43 

2.9 

1.09 

1.3 

1.18  !  1.2 

0.71    0.68 

0.68 

0.54 

% 

7.2 

2.11 

2.6 

1.10 

1.1 

1.16    1.1 

0.72    0.59 

0.66    0.54 

sAe 

6.1 

1.78 

2.2 

1.11 

0.93 

1.14  I0.94 

0.73    0.50 

0.64    0.54 

% 

4.9 

1.44 

1.8 

1.12 

0.75 

1.11 

0.78 

0.74 

0.41 

0.61 

0.54 
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ELEMENTS    OF    SECTIONS 


ELEMENTS  OF  UNEQUAL  ANGLES— Concluded 


! 

i 

£  s 

Area 

Axis  1-1 

Axis  2-2 

Axis 

o     .■            ^'"^ 

Jd 

:l^ 

of 

Sec- 

3-3 

Sectioni 

IS 

^fe 

Index 

H 

tion 

I 

r 

S 

X 

I 

r 

S 

y     rniln. 

Inches 

In. 

Lbs. 

In. 

In.* 

In. 

In.8 

In. 

In.4 

In. 

In.8 

In. 

In. 

»/io 

9.5 

2.78 

2.3 

0.91 

1.2 

1.02 

1.4 

0.72 

0.82 

0.77 

0.52 

ya 

8.5 

2.50 

2.1 

0.91 

1.0 

1.00 

1.3 

0.72 

0.74 

0.75 

0.52 

A        OO 

_     _  , 

Tio 

7.6 

2.21 

1.9 

0.92 

0.93  ;  0.98 

1.2 

0.73 

0.66 

0.73 

0.52 

A     o^  o  iLCfi 

% 

6.6 

1.92 

1.7 

0.93!  0.81  :  0.96  il.O 

0.74 

0.58 

0.71 

0.52 

^ie 

5.6 

1.62 

1.4 

0.94 

0.69 

0.93  i  0.90 

0.74 

0.49 

0.68 

0.53 

H 

4.5 

1.31 

1.2 

0.95 

0.56 

0.91 

0.74 

0.75 

0.40 

0.66 

0.53 

% 

7.7 

2.25 

1.9 

0.92 

1.0 

1.08 

0.67 

0.55 

0.47 

0.58 

0.43 

Tio 

6.8 

2.00 

1.7 

0.93    0.89 

1.06 

0.61 

0.55 

0.42 

0.56 

0.43 

A    33  3  X  2 

'{fe 

5.9 

1.73 

1.5 

0.94    0.78 

1.04 

0.54 

0..56 

0.37 

0.54 

0.43 

%o 

5.0 

1.47 

1.3 

0.95    0.66 

1.02 

0.47 

0.57 

0.32 

0.52 

0.43 

y* 

4.1 

1.19 

1.1 

0.95 

0.54 

0.99 

0.39 

0.57 

0.25 

0.49 

0.43 

^ 

6.8 

2.00 

1.1 

0.75 

0.70 

0-88 

0.64 

0.56 

0.46 

0.63 

0.42 

! 

%0 

6.1 

1.78 

1.0 

0.76 

0.62 

0.85 

0.58 

0.57 

0.41 

0.60 

0.42 

1 

% 

5.3 

1.55 

0.91 

0.77 

0.55 

0.83 

0.51 

0.58 

0.36 

0.58 

0.42 

A    35^Vi'X  2 

^le 

4.5 

1.31 

0.79 

0.78 

0.47 

0.81 

0.45 

0.58 

0.31 

0.56 

0.42 

Vt 

3.62 

1.06 

0.65 

0.78 

0.38 

0.79 

0.37 

0.59 

0.25 

0.54 

0.42 

] 

%e 

2.75 

0.81 

0.51 

0.79 

0.29 

0.76 

0.29 

0.60 

0.20 

0.51 

0.43 

1 

Vs 

1.86 

0.55 

0.35 

0.80 

0.20 

0.74 

0.20 

0.61 

0.13 

0.49 

0.43 

•lie 

3.92 

1.15 

0.71 

0.79 

0.44 

0.90 

0.19 

0.41 

0.17 

0.40 

0.32 

A    483V^xlMi 

V4 

3.19 

0.94 

0.59 

0.79 

0.36 

0.88 

0.16 

0.41 

0.14 

0.38 

0.32 

^6 

2.44 

0.72 

0.46 

0.80 

0.28 

0.85 

0.13 

0.42 

0.11 

0.35 

0.33 

1 

Va 

5.6 

1.63 

0.75 

0.68   0.54 

0.86 

0.26 

0.40 

0.26 

0.48 

0.32 

1 

"Ae 

5.0 

1.45 

0.68  1  0.69    0.48 

0.83 

0.24 

0.41 

0.23 

0.46 

0.32 

A  27a2V4Xl»4 

% 

4.4 

1.27 

0.61 

0.69    0.42 

0.81 

0.21 

0.41 

0.20 

0.44 

0.32 

5/io 

3.66 

1.07 

0.53 

0.70    0.36    0.79 

0.19 

0.42 

0.17 

0.42 

0.32 

Vi 

2.98 

0.88 

0.44 

0.71    0.30    0.77 

0.16 

0.42 

0.14 

0.39 

0.32 

%6 

2.28 

0.67 

0.34 

0.72    0.23 

0.75 

0.12 

0.43 

0.11 

0.37 

0.33 

"^fe 

3.99 

1.17 

0.43 

0.61    0.34 

0.71 

0.21 

0.42 

0.20 

0.46 

0.32 

%0 

3.39 

1.00 

0.38 

0.62    0.29 

0.69 

0.18 

0.42 

0.17 

0.44 

0.32 

A    37  2  xli/2 

y* 

2.77 

0.81 

0.32 

0.62    0.24 

0.06 

0.15 

0.43 

0.14 

0.41 

0.32 

%« 

2.12 

0.62 

0.25 

0.63    0.18 

0.64 

0.12 

0.44 

0.11 

0.39 

0.32 

ys 

1.44 

0.42 

0.17 

0.64    0.13 

0.62 

0.09 

0.45 

0.08 

0.37 

0.33 

A  645  2  xlV4 

yi 

2.55 

0.75 

0.30 

0.63 

0.23 

0.71 

0.09 

0.34 

0.10 

0.33 

0.27 

%6 

1.96 

0.57 

0.23 

0.64 

0.18 

0.69 

0.07 

0.35 

0.08 

0.31 

0.27 

y^ 

2.34 

0.69 

0.20 

0.54 

0.18 

0.60 

0.09 

0.35 

0.10 

0.35 

0.27 

A    39 

l%xli/, 

%0 

1.80 

0.53 

0.16 

0.55 

0.14 

0.58 

0.07 

0.36 

0.08 

0.33 

0.27 

% 

1.23 

0.36 

0.11 

0.56  i  0.09 

0.56 

0.05 

0.37 

0.05 

0.31 

0.27 

%6 

2.59 

0.76 

0.16  I  0.45  1  0.16 

0.52 

0.10 

0.35 

0.11 

0.40 

0.26 

A  624 

1>^1V. 

y4 

2.13 

0.63 

0.13    0.46    0.13    0.50 

0.08 

0.36 

0.09 

0.38 

0.26 

?io 

1.64 

0.48 

0.10 

0.46 

0.10 

0.48 

0.07 

0.37 

0.07 

0.35 

0.26 
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CARNEQIE    STEEL    COMPANY 


ELEMENTS  OF  EQUAL  TEES 


Size 

Weight 
per 
Foot 

Area- 
of 

Sec- 
tion 

Axis  1-1 

Axis  2-2 

Section 
Index 

Flange 

Stem 

Mini 
Thiol 

Flange 

mum 

cness 

Stem 

I 

r 

S 

X 

I 

r 

S 

In. 

In. 

In. 

In. 

Lbs. 

In.2 

In* 

In. 

In.3 

In. 

In.4 

In. 

In.s 

T40 

evs 

6V2 

0.40 

0.45 

19.8 

5.80 

23.5 

2.01 

5.0 

1.76 

10.1 

1.32 

3.1 

T    1 

4 

4 

y2 

¥i 

13.5 

3.97 

5.7 

1.20 

2.0 

1.18 

2.8 

0.84 

1.4 

T    2 

4 

4 

% 

% 

10.5 

3.09 

4.5 

1.21 

1.6 

1.13 

2.1 

0.83 

1.1 

T    3 

3V2 

3V2 

V2 

y2 

11.7 

3.44 

3.7 

1.04 

1.5 

1.05 

1.9 

0.74 

1.1 

T    4 

31/2 

3V2 

% 

% 

9.2 

2.68 

3.0 

1.05 

1.2 

1.01 

1.4 

0.73 

0.81 

T    6 

3 

3 

V2 

y2 

9.9 

2.91 

2.3 

0.88 

1.1 

0.93 

1.2 

0.64 

0.80 

T    7 

3 

3 

%6 

%e 

8.9 

2.59 

2.1 

0.89 

0.98 

0.91 

1.0 

0.63 

0.70 

T    8 

3 

3 

% 

% 

7.8 

2.27 

1.8 

0.90 

0.86 

0.88 

0.90 

0.63 

0.60 

T    9 

3 

3 

%6 

%6 

6.7 

1.95 

1.6 

0.90 

0.74 

0.86 

0.75 

0.62 

0.50 

TIO 

2V2 

2y2 

% 

% 

6.4 

1.87 

1.0 

0.74 

0.59 

0.76 

0.52 

0.53 

0.42 

T  11 

2^2 

2^2 

5/10 

%0 

5.5 

1.60 

0.88 

0.74 

0.50 

0.74 

0.44 

0.52 

0.35 

T12 

2^4 

2y4 

%6 

%6 

4.9 

1.43 

0.65 

0.67 

0.41 

0.68 

0.33 

0.48 

0.29 

T13 

21/4 

2y4 

y4 

y4 

4.1 

1.19 

0.52 

0.66 

0.32 

0.65 

0.25 

0.46 

0.22 

T  14 

2 

2 

B/16 

%6 

4.3 

1.26 

0.44 

0.59 

0.31 

0.61 

0.23 

0.43 

0.23 

T15 

2 

2 

y4 

Vi 

3.56 

1.05 

0.37 

0.59 

0.26 

0.59 

0.18 

0.42 

0.18 

T  16 

1% 

1% 

y4 

V4 

3.09 

0.91 

0.23 

0.51 

0.19 

0.54 

0.12 

0.37 

0.14 

T  17 

ly. 

iy2 

y4 

Vi 

2.47 

0.73 

0.15 

0.45 

0.14 

0.47 

0.08 

0.32 

0.10 

T  18 

iy2 

iy2 

%6 

%6 

1.94 

0.57 

0.11 

0.45 

0.11 

0.44 

0.06 

0.32 

0.08 

T19 

iy4 

iy4 

Vi 

¥4 

2.02 

0.59 

0.08 

0.37 

0.10 

0.40 

0.05 

0.28 

0.07 

T20 

1V4 

ly* 

%6 

%6 

1.59 

0.47 

0.06 

0.37 

0.07 

0.38 

0.03 

0.27 

0.05 

T21 

1 

1 

%0 

3^6 

1.25 

0.37 

0.03 

0.29 

0.05 

0.32 

0.02 

0.22 

0.04 

T22 

1 

1 

Vh 

ys 

0.89 

0.26 

0.02 

0.30 

0.03 

0.29 

0.01 

0.21 

0.02 
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ELEMENTS    OF   SECTIONS 


ELEMENTS  OF  UNEQUAL  TEES 


Size 

Area 
of 
Sec- 
tion 

Axis  1-1              1         Axis  2-2 

Weight 
per 
Foot 

Section 
Index 

Flange 

Stem 

Minimum 
Thickness 

I 

r 

S 

X 

I 

r 

S 

Flange  Stem 

In. 

In. 

In. 

In. 

Lbs. 

In.2 

In.* 

In. 

In.8 

In. 

In.4 

In. 

In.8 

T    50 

5 

3 

% 

1%2 

11.5 

3.37 

2.4 

0.84 

1.1 

0.76 

3.9 

1.10 

1.6 

T    51 

5 

W, 

% 

%« 

10.9 

3.18 

1.5 

0.68 

0.78 

0.63 

4.1 

1.14 

1.6 

T    52 

4J^ 

3H 

■%6 

1^6 

15.7 

4.60 

5.1 

1.05 

2.1 

1.11 

3.7 

0.90 

1.7 

T    54 

4H 

3 

«/'8 

% 

9.8 

2.88 

2.1 

0.84 

0.91  0.74 

3.0 

1.02 

1.3 

T    53 

4J^ 

3 

'He 

%0 

8.4 

2.46 

1.8 

0.85 

0.78 

0.71 

2.5 

1.01 

1.1 

T    56 

4c'A 

2H 

% 

% 

9.2 

2.68 

1.2 

0.67 

0.63 

0.59 

3.0 

1.05 

1.3 

T    55 

4H 

2H 

%6 

%« 

7.8 

2.29 

1.0 

0.68 

0.54 

0.57 

2.5 

1.05 

1.1 

T    57 

4 

5 

¥2 

1/2 

15.3 

4.50 

10.8 

1.55 

3.1 

1.56 

2.8 

0.79 

1.4 

T    58 

4 

5 

% 

% 

11.9 

3.49 

8.5 

1.56 

2.4 

1.51 

2.1 

0.78 

1.1 

T    59 

4 

4^ 

Va 

y2 

14.4 

4.23 

7.9 

1.37 

2.5 

1.37 

2.8 

0.81 

1.4 

T    60 

4 

4H 

% 

% 

11.2 

3.29 

6.3 

1.39 

2.0 

1.31 

2.1 

0.80 

1.1 

T    61 

4 

3 

% 

% 

9.2 

2.68 

2.0 

0.86 

0.90 

0.78 

2.1 

0.89 

1.1 

T    44 

4 

3 

%6 

%6 

7.8 

2.29 

1.7 

0.87 

0.7710.75 

1.8 

0.88 

0.88 

T    62 

4 

2}^ 

% 

% 

8.5 

2.48 

1.2 

0.69 

0.62  0.62 

2.1 

0.92 

1.0 

T    63 

4 

2Ji 

%e 

%6 

7.2 

2.12 

1.0 

0.69 

0.53  0.60 

1.8 

0.91 

0.88 

T    64 

4 

2 

% 

% 

7.8 

2.27 

0.60 

0.52 

0.40 

0.48 

2.1 

0.96 

1.1 

T    65 

4 

2 

%6 

%6 

6.7 

1.95 

0.53 

0.52 

0.34 

0.46 

1.8 

0.95 

0.88 

T    66 

3H 

4 

V2 

Vs 

12.6 

3.70 

5.5 

1.21 

2.0 

1.24 

1.9 

0.72 

1.1 

T    67 

3M 

4 

% 

% 

9.8 

2.88 

4.3 

1.23 

1.5 

1.19 

1.4 

0.70 

0.81 

T    69 

3M 

3 

Vz 

¥2 

10.8 

3.17 

2.4 

0.87 

1.1 

0.88 

1.9 

0.77 

1.1 

T    70 

3>^ 

3 

% 

% 

8.5 

2.48 

1.9 

0.88 

0.8910.83 

1.4 

0.75 

0.81 

T    71 

3>2 

3 

%6 

% 

7.5 

2.20 

1.8 

0.91 

0.85i0.85 

1.2 

0.74 

0.68 

T    72 

3 

4 

Vz 

y-z 

11.7 

3.44 

5.2 

1.23 

1.9    |1.32 

1.2 

0.59 

0.81 

T    73 

3 

4 

%6 

■%o 

10.5 

3.06 

4.7 

1.23 

1.7 

1.29 

1.1 

0.59 

0.70 

T    74 

3 

4 

% 

% 

9.2 

2.68 

4.1 

1.24 

1.5 

1.27 

0.90 

0.58 

0.60 

T    75 

3 

3H 

Va 

y2 

10.8 

3.17 

3.5 

1.06 

1.5 

1.12 

1.2 

0.62 

0.80 

T    76 

3 

334 

TAe 

%0 

9.7 

2.83 

3.2 

1.06 

1.3     1.10   1.0 

0.60 

0.69 

T    77 

3 

3H 

%. 

% 

8.5 

2.48 

2.8 

1.07 

1.2     1.07 

0.93 

0.61 

0.62 

T    78 

3 

23^ 

% 

% 

7.1 

2.07 

1.1 

0.72 

0.60  0.71 

0.89 

0.66 

0.59 

T    79 

3 

2Ji 

%o 

%0 

6.1 

1.77 

0.94 

0.73 

0.52  0.68 

0.75 

0.65 

0.50 

T    82 

234 

3 

% 

% 

7.1 

2.07 

1.7 

0.91 

0.84  0.95 

0.53 

0.51 

0.42 

T    83 

214 

3 

%o 

%6 

6.1 

1.77 

1.5 

0.92 

0.72  0.92 

0.44 

0.50 

0.35 

T    86 

IVi 

IM 

%e 

%6 

2.87 

0.84 

0.08 

0.31 

0.09  0.32 

0.29 

0.58 

0.23 

T    87 

2 

Wi 

% 

y* 

3.09 

0.91 

0.16 

0.42 

0.15  0.42 

0.18 

0.45 

0.18 

T519 

IJ^ 

2 

%e 

%6 

2.45 

0.72 

0.27 

0.61 

0.19  0.63 

0.06 

0.92 

0.08 

T605 

1}^ 

IM 

% 

ys 

1.25 

0.37 

0.05 

0.37 

0.05  0.33 

0.04 

0.32 

0.05 

T603 

l>i 

^ 

No.  9 

ys 

0.88 

0.26 

0.01 

0.16 

0.01 

0.16 

0.02 

0.31 

0.04 
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CARNEGIE   STEEL 

COMPANY 

ELEMENTS  OF  ZEES 

'          /3 

.'■      .; 

/ 

1 

f  -1 

/ 
/ 

/ 

c; 

/ 

i 

t 

Section 
Index 

Size 

Weight 
per 
Foot 

Area 
of 

Sec- 
tion 

AxUl-1 

Axis  2-2 

Axis 
3-3 

Depth 

Flanges 

Thick- 
ness 

I 

r 

S 

I 

r 

S 

rmin. 

In. 

In. 

In. 

Lbs. 

In.2 

In.* 

In. 

In.s 

In.4 

In. 

In.3 

In. 

0.83 
0.82 
0.81 

Z    3 

6% 

6^46 

6 

3% 

3%6 

3y2 

% 

% 

34.6 
32.0 
29.4 

10.17 
9.40 
8.63 

50.2 
46.1 
42.1 

2.22 
2.22 
2.21 

16.4 
15.2 
14.0 

19.2 
17.3 
15.4 

1.37 
1.36 
1.34 

6.0 
5.5 
4.9 

Z    2 

6% 
6 

3% 

3%6 

3y2 

1%6 
¥8 
8A6 

28.1 
25.4 
22.8 

8.25 
7.46 
6.68 

43.2 
38.9 
34.6 

2.29 
2.28 
2.28 

14.1 
12.8 
11.5 

16.3 
14.4 
12.6 

1.41 
1.39 
1.37 

5.0 
4.4 
3.9 

0.84 
0.82 
0.81 

Z    1 

6 

3% 

39/16 

3y2 

y2 

21.1 
18.4 
15.7 

6.19 
5.39 
4.59 

34.4 
29.8 
25.3 

2.36 
2.35 
2.35 

11.2 

9.8 
8.4 

12.9 

11.0 

9.1 

1.44 
1.43 
1.41 

3.8 
3.3 

2.8 

0.84 
0.83 
0.83 

Z    6 

5 

3% 

3BA6 

3% 

"Ao 

% 

1^6 

28.4 
26.0 
23.7 

8.33 
7.64 
6.96 

28.7 
26.2 
23.7 

1.86 
1.85 
1.84 

11.2 

10.3 

9.5 

14.4 
12.8 
11.4 

1.31 
1.30 
1.28 

4.8 
4.4 
3.9 

0.76 
0.74 
0.73 

Z    6 

syg 

5 

3% 

3BA8 

3y4 

% 
9A8 

V2 

22.6 
20.2 
17.9 

6.64 
5.94 
5.25 

24.5 
21.8 
19.2 

1.92 
1.91 
1.91 

9.6 

8.6 

7.7 

12.1 

10.5 

9.1 

1.35 
1.33 
1.31 

3.9 
3.5 
3.0 

0.76 
0.75 
0.74 

Z    4 

5 

3% 

35A6 

sy* 

16.4 
14.0 
11.6 

4.81 
4.10 
3.40 

19.1 
16.2 
13.4 

1.99 
1.99 
1.98 

7.4 
6.4 
6.3 

9.2 

7.7 
6.2 

1.38 
1.37 
1.35 

2.9 
2.5 
2.0 

0.77 
0.76 
0.75 

Z    9 

4y8 

4%e 
4 

33^8 

3y8 

3^6 

% 

1^8 

% 

23.0 
20.9 
18.9 

6.75 
6.14 
5.55 

15.0 
13.5 
12.1 

1.49 
1.48 
1.48 

7.3 
6.7 
6.1 

11.2 

10.0 

8.7 

1.29 
1.27 
1.25 

4.0 
3.6 
3.2 

0.68 
0.67 
0.66 

'Z    8 

4y8 

4146 

4 

3%6 

3y8 

3^8 

^6 

y2 

%6 

18.0 
15.9 
13.8 

5.27 
4.66 
4.05 

12.7 

11.2 

9.7 

1.55 
1.55 
1.55 

6.2 
5.5 

4.8 

9.3 

8.0 
6.7 

1.33 
1.31 
1.29 

3.2 
2.8 
2.4 

0.68 
0.67 
0.66 

Z    7 

4y8 

41^6 

4 

33A8    . 

3y8 

31A6 

% 
%8 

y4 

12.5 
10.3 

8.2 

3.66 
3.03 

2.41 

9.6 
7.9 
6.3 

1.62 
1.62 
1.62 

4.7 
3.9 
3.1 

6.8 
5.5 
4.2 

1.36 
1.34 
1.33 

2.3 

1.8 
1.4 

0.69 
0.68 
0.67 

Z  12 

3%8 

3 

2% 

21^6 

»A6 

y2 

14.3 
12.6 

4.18 
3.69 

5.3 
4.6 

1.12 
1.12 

3.4 
3.1 

5.7 
4.9 

1.17 
1.15 

2.3 
2.0 

0.54 
0.53 

Z  11 

3Ho 
3 

2% 

2iyi6 

%6 

% 

11.5 
9.8 

3.36 

2.86 

4.6 
3.9 

1.17 
1.16 

3.0 
2.6 

4.8 
3.9 

1.19 
1.17 

1.9 
1.6 

0.55 
0.54 

Z  10 

3^6 

3 

2SA 

21^6 

y* 

8.5 
6.7 

2.48 
1.97 

3.6 
2.9 

1.21 
1.21 

2.4 
1.9 

3.6 

2.8 

1.21 
1.19 

1.4 
1.1 

0.56 
0.65 
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ELEMENTS  OF  SECTIONS 


ELEMENTS  OF  CROSS  TIES 


Depth 

Sec- 
tion 

Wt. 
per 
Foot 

Area 
of 

Sec- 
tion 

Width  of 
Flange 

Thick- 
ness 
of 
Web 

Axis  1-1 

Axis  2-2 

I 

r 

S 

X 

I 

r 

Section 
Index 

Top 

Bottom 

S 

In. 

Lbs. 

In.2 

In. 

In. 

In. 

In.4 

In. 

In.8  1   In. 

In.* 

In. 

In.3 

M  28.A. 
M28 
M  29 
M21 
M  25 
M24 

6.50 
6.50 
5.50 
5.50 
4.25 
3.00 

29.S 
27.8 
24.0 
20.0 
14.5 
9.5 

8.76 
8.09 
7.01 
5.71 
4.10 
2.80 

5.0 
5.0 
5.0 
4.5 
4.0 
3.0 

10.0 
10.0 
8.0 
8.0 
6.0 
5.0 

.438 
.313 
.375 
.250 
.250 
.203 

59.4 
57.5 
35.4 
30.9 
13.0 
4.3 

2.47 
2.67 
2.25 
2.33 
1.78 
1.24 

15.0    2.55 

14.3    2.49 

11.3    2.38 

9.7    2.33 

5.5    1.88 

2.5    1.27 

30.8 
30.8 
16.8 
14.9 
6.1 
3.1 

1.88 
1.95 
1.55 
1.62 
1.22 
1.05 

6.2 
6.2 
4.2 
3.7 
2.0 
1.2 

'TT^} 


'Depth 

w* 

Area 

Width  of    j 
Section     jThick- 

Axis  1-1 

Axis  2-2 

Section    Sec-     P^' 
Index     tion  j  Foot 

of 

Sec- 
tion 

I 

r 

S 

X 

I 

r 

Top 

1  ness 
Boitom 

S 

1   In. 

Lbs. 

In.s 

In. 

In.        In. 

In.* 

In. 

In.8 

In. 

Id.* 

In. 

In.8 

M27    2.25 
M  20   2.00 
M  18    1..50 

9.0 
6.0 
4.0 

2.62 
1.72 
1.21 

5.5 
4.5 
3.4 

7.0     .250 
6.0     .188 
5.0     .156 

1.28 
0.71 
0.31 

0.70 
0.64 
0.50 

0.79 
0.51 
0.31 

1.62 
1.41 
1.00 

16.8 
8.4 
3.6 

2.53 
2.22 
1.73 

4.8 
2.8 
1.5 

1-iF^^^^^xi 


Depth 
of 

Sec- 
tion 

Wt. 
Foot 

Area  !  Width 

of          of 
Sec-       Sec- 
tion      tion 

Thick- 
ness 

Axis  1-1 

Axis  2-2 

Section 
Index 

I 

r 

S 

X 

I 

r 

S 

In. 

Lbs. 

In.a    1     In. 

In. 

In.* 

In. 

In.« 

In. 

In.* 

In. 

In.8 

M26 
M  19 

1%6 

3.20 
2.51 

0.97    4i%o 
0.74  1  4 

.125 
.141 

0.059 
0.024 

0.25 
0.18 

0.110 
0.057 

0.54 
0.43 

2.44 
1.15 

1.58 
1.25 

0.99 
0.58 
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CARNEGIE  STEEL  COMPANY 


ELEMENTS  OF  RAIL  AND  SPLICE  BARS 


Weight 

SectioiJ  Yard 
Index  


Lbs. 


Depth 

of 
Section 


In. 


Area 

of 
Section 


In.a 


Asia  1-1 


In.4 


In.8     In 


A.  S.  C.  E.  Rails 


10040 
9040 
8540 
8040 
7540 
7040 
6540 
6040 
5540 
5040 


100 
90 
85 
80 
75 
70 
65 
60 
55 
50 


53A6 

5 

41SA( 

4% 

4%6 

4Vi 

4H6 

3  78 


9.84 
8.83 
8.33 
7.86 
7.33 
6.81 
6.33 
5.93 
5.38 
4.87 


43.9714 
34.3912 
30.07|11 


26.38 
22.86 
19.70 
16.90 
14.56 
12.03 
9.94 


552.73 
192.55 
0812.47 
0712.38 
102.30 
192.22 


2.14 
2.05 
1.97 

1.88 


A.  R.  A.  Rails— Type  A 


10020 

100 

6 

9.84 

48.94 

9020 

90 

5% 

8.82 

38.70 

8020 

80 

5V8 

7.86 

28.80 

7020 

70 

4% 

6.82 

21.05 

6020 

60 

4y2 

5.86 

15.41 

15.042.75 

12.56'2.54 

10.242.31 

8.2112.20 

6.502.13 


A.  R.  A.  Rails— Type  B 


10030 
9030 
8030 


100 
90 
80 


541/64 
517/64 
41%6 


9.85 
8.87 
7.91 


1.30 

2.30 

25.10 


13.702.63 

11.452.44 

9.382.27 


Light  Rails 


4540 

45 

3iVlfl 

4.40 

8.13 

4040 

40 

3% 

3.94 

6.57 

3540 

35 

35A8 

3.44 

5.17 

3040 

30 

3V8 

3.00 

4.06 

2540 

25 

2% 

2.39 

2.50 

2040 

20 

25/8 

2.00 

1.94 

1640 

16 

2% 

1.55 

1.24 

1440 

14 

2^6 

1.34 

0.76 

1240 

12 

2 

1.18 

0.66 

1040 

10 

1% 

0.96 

0.40 

840 

8 

1%6 

0.77 

0.26! 

4.25 
3.62 
3.02 
2.53 
1.77 


1.78 
1.68 
1.60 
1.52 
1.33 


1.43,1.27 
1.011.15 
0.731.02 
0.630.96 
0.460.87 
0.320.75 


Section 
Index 


Weight 
per 
Foot 


Lbs. 


Depth 

of 
Section 


Area  i       Axis  1-1 
of 


Section!   *I      *S  '  x 


In.2      In.4    In.8    In 


A.  S.  C.  E.  Splice  Bars 


S100401 15.8 
S  9040  13.5 
S  8540]  12.4 
S  8040  11.5 
S  754010.7 
S  7040  10.0 
S  6540 
S  6040 
S  5540 
S  5040 


9.2 

8.4 
7.5 
6.6 


4%^ 

4.65 

3«Vfi4 

3.97 

313^8 

3.65 

3aVR,, 

3.38 

3V. 

3.15 

31%2 

2.95 

3iVs? 

2.71 

31%4 

2.47 

3Vi6 

2.21 

2i5A6 

1.95 

13.435, 
10.304 
8.434 
7.393 
6.023 
5.8213 


4.85 
4.04 
3.41 
2.72 


821.91 
791.81 
O2I1.7I 
,751.68 
,281.65 
.151.61 
.731.56 


1.51 
1.41 
1.37 


A.  R.  A.  Splice  Bars- Type  A 


S 10020 

19.0 

42%2 

5.60 

21.30 

7.88 

S   9020 

16.6 

4TA6 

4.90 

16.10 

6.36 

S   8020 

13.4 

315/i6 

3.95 

10.13 

4.67 

S   7020 

11.6 

3IVR0 

3.43 

7.42 

3.63 

S   6020 

10.6 

3y2 

3.13 

6.22 

3.16 

1.91 
1.72 
1.48 
1.52 


A.  R.  A.  Splice  Bars— Type  B 


S 10030 
S  9030 
S  8030 


16.9 
14.4 
12.6 


4%4  4.98 
35%4  4.24 
3%       3.72 


14.346.30 

10.164.71 

7.703.79 


1.83 
1.67 
1.69 


Light  Rail  Splice  Bars 


S  4540 
S  4040 
S  3540 
S  3040 
S  2540 
S  2040 
S  1640 
S  1440 
S  1240 
S  1040 
S  840! 


5.8 

5.0 

4.6 

3.97 

2.20 

1.87 

1.70 

1.36 

1.36 

0.99 

0.75 


22%, 

2% 

23^64 

21%2 
15%4 
128/ 

18V« 
11% 


1.70 
1.47 
1.35 
1.17 
0.65 
0.55 
0.50 
0.40 


li%4  0.40 

1764     0.29 

"Vsal  0.22 


1.29 
1.27 
1.19 
1.10 
0.90 
0.86 
0.79 
0.65 
0.66 
0.56 
0.49 


♦Moment  of  Inertia  and  Section  Modulus  are  given  for  pair  of  Splice  Bars. 
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ELEMENTS  OF  SECTIONS 


RADII  OF  GYRATION  FOR  TWO  EQUAL  ANGLES 


y 


-Vi  to% 


IP 


T 
2! 


Single  Angle 

Two 
Angles 

Ttadii  of  Gyration,  Inches 

Size 

Thick- 
ness, 
Inches 

Weight, 
Pounds 
per  Foot 

Area, 
Inches^ 

Axis  1-1 

Axis  2-2 

Inches 

In 
Contact 

^"Apartj^"  Apart 

)^"  Apart 

Mj"Apart 

8x8 

V2 

56.9 
42.0 
26.4 

33.46 
24.68 
15.50 

2.42 
2.46 
2.50 

3.42 
3.37 
3.33 

3.51 
3.46 
3.41 

3.55 
3.50 
3.45 

3.60 
3.55 
3.50 

3.69 
3.64 
3.59 

6x6 

1 
% 

37.4 
26.5 
14.9 

22.00 
15.56 

8.72 

1.80 
1.83 
1.88 

2.59 
2.54 
2.49 

2.68 
2.63 
2.58 

2.72 
2.67 
2.62 

2.77 
2.71 
2.66 

2.87 
2.81 
2.75 

5x5 

1 

% 

30.6 
21.8 
12.3 

18.00 

12.80 

7.22 

1.48 
1.51 
1.56 

2.19 
2.13 
2.09 

2.28 
2.22 
2.17 

2.33 
2.26 
2.21 

2.38 
2.31 
2.26 

2.47 
2.40 
2.35 

4x4 

1%6 

19.9 
6.6 

11.68 
3.88 

1.18 
1.25 

1.75 
1.66 

1.85 
1.75 

1.89 
1.79 

1.94 
1.84 

2.04 
1.93 

3Jix3H 

1%6 

17.1 

5.8 

10.06 
3.38 

1.02 
1.09 

1.55 
1.46 

1.65 
1.55 

1.70 
1.59 

1.75 
1.64 

1.85 
1.73 

3x3 

% 

11.5 
4.9 

6.72 
2.88 

0.88 
0.93 

1.32 
1.25 

1.41    i     1.46 
1.34   (     1.38 

1.51 
1.43 

1.61 
1.53 

2Hx2H 

7.7 
4.1 

4.50 
2.38 

;    0.74 
0.77 

1.09 
1.05 

1.19   i    1.24 
1.14    ■    1.19 

1.29 
1.24 

1.39 
1.34 

2x2 

5.3 
3.19 

3.12 

1.88 

0.59 
0.61 

0.88 
0.85 

0.98        1.03 
0.94        0.99 

1.08 
1.04 

1.19 
1.14 

This  table  and  the  two  following  are  employed  in  computing  the  safe 
resistance  to  compressive  stress  of  two  angles,  back  to  back,  used  as  a  strut 
or  as  the  compression  chord  of  a  roof  truss,  etc.,  as  follows: 

Obtain  from  the  compression  formula  in  use  the  allowed  stress  per  square 
inch  corresponding  to  the  ratio  of  slendeme.ss  of  the  section,  and  multiply 
that  value  by  the  area.     The  result  will  be  the  allowable  compressive  stress. 

E.xample  1.  Section  given.  Required  the  safe  load  in  compression  as  per 
formula  f=  19000—100  1/r  on  a  strut  composed  of  two  angles  4"  x  4"  x  M". 
back  to  back,  with  an  imsupported  length  of  9  feet. 

Areti  of  Section,  A=3.88  square  inches;  Least  Radius,  r=1.25. 

Ratio  of  Slendemess,  1/r  =  9  x  12+1.25=86.4. 

Allowed  Unit  Stress,  f=  19000— 100  x  86.4=  10360  pounds  per  square  inch. 

Safe  Load,  Af  =  3.88  x  10360=40200  pounds. 

Example  2.  Stress  given.  Required  a  section  for  a  member  in  compression 
12'  3"  long,  made  of  two  angles  separated  by  K  inch  gusset  plates,  to  resist  & 
total  stress  of  35000  pounds;  ratio  of  slendemess  not  to  exceed  120. 

Assume  2  angles,  5"  x  .3"  x  %«",  long  legs,  back  to  back. 

Area  of  Section,A  =  4.80  square  inches;  Least  Radius,  r  =  1.26  inches. 

Ratio  of  Slendemess,  1/r  =  12.25  x  12  +  1.26=116.7. 

Allowed   Unit  Stress,  f  =  19000—100  x  116.7=7330  pounds  per  square  inch. 

Safe  Stress,  Af  =4.80  x  7330  =  3.5200  pounds. 

In  the  first  case  the  least  radius  is  that  about  axis  1-1;  in  the  .second  case 
about  axis  2-2;  in  all  ca.ses  the  least  radius  determines  the  ratio  of  slendemess 
and  therewith  the  allowed  safe  compressive  stress.  In  all  cases  also  the  two 
angles  are  to  be  secured  together  by  stay  rivets  so  spaced  as  to  insure  that  the 
section  acts  as  a  unit.  The  ratio  of  slendemess  of  any  single  angle  between 
rivets  must  always  be  less  than  that  of  the  strut  or  compression  chord. 
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CARNEGIE    STEEL    COMPANY 


RADII  OF  GYEATION  FOR  TWO  UNEQUAL  ANGLES 

Long  Legs  Vertical 

2i  2;, 


^ 


Sing 

e  Angle 

Two 
Angles 

Radii  of  Gyration,  Inches 

Size, 
Inches 

Thick- 
ness, 
Inches 

Weight, 
Pounds 
per  Foot 

Area, 
Inches^ 

Axis  1-1 

Axis  2-2                                    1 

In 

Contact 

14"  Apart 

s/s"  Apart  y2"  Apart  3^"  Apart 

8x6 

1 

% 

%6 

44.2 
33.8 
20.2 

26.00 
19.88 
11.86 

2.49 
2.53 
2.57 

2.39 
2.35 
2.31 

2.48 
2.44 
2.39 

2.52 
2.48 
2.43 

2.57 
2.52 
2.48 

2.66 
2.61 
2.56 

8  x3Mi 

1 

^4e 

35.7 
27.5 
16.5 

21.00 

16.12 

9.68 

2.51 
2.55 
2.59 

1.26 
1.20 
1.15 

1.35 
1.29 
1.23 

1.40 
1.34 
1.28 

1.45 
1.39 
1.32 

1.55 
1.49 
1.41 

7x3^2 

1 
% 

32.3 
23.0 
13.0 

19.00 

13.50 

7.60 

2.19 
2.23 
2.27 

1.31 
1.25 
1.20 

1.40 
1.34 
1.28 

1.45 
1.39 
1.33 

1.50 
1.44 
1.37 

1.60 
1.53 

1.46 

6x4 

1 
% 

30.6 
21.8 
12.3 

18.00 

12.80 

7.22 

1.85 
1.89 
1.93 

1.60 
1.55 
1.50 

1.69 
1.63 
1.58 

1.74 
1.68 
1.62 

1.79 
1.73 
1.67 

1.89 
1.82 
1.76 

6  x3y2 

1 

ma 

5A6 

28.9 

20.6 

9.8 

17.00 

12.12 

5.74 

1.85 
1.89 
1.95 

1.37 
1.31 
1.25 

1.47 
1.41 
1.33 

1.51 
1.45 
1.37 

1.56 
1.49 
1.42 

1.66 
1.60 
1.50 

5x4 

Vs 

% 

24.2 
11.0 

14.22 
6.46 

1.52 
1..59 

1.66 
1.58 

1.76 
1.66 

1.80 
1.70 

1.85 
1.75 

1.95 
1.85 

5  x3y2 

% 

SAe 

22.7 

8.7 

13.34 
5.12 

1.53 
1.61 

1.42 
1.33 

1.51 
1.41 

1.56 
1.45 

1.61 
1.50 

1.71 
1.59 

5x3 

1%6 

19.9 

8.2 

11.68 
4.80 

1.55 
1.61 

1.18 
1.09 

1.27 
1.17 

1.32 
1.22 

1.37 
1.26 

1.47 
1.35 

4y2x3 

%6 

18.5 

7.7 

10.86 
1     4.50 

1.38 
1.44 

1.21 
1.13 

1.31 
1.22 

1.36 
1.26 

1.41 
1.30 

1.51 
1.40 

4  X31/2 

%8 

18.5 

7.7 

10.86 
4.50 

1.19 
1.26 

1.50 
1.42 

1.59 
1.51 

1.64 
1.55 

1.69 
1.60 

1.79 
1.69 

4x3 

1%6 

y* 

17.1 

5.8 

10.06 
3.38 

1.21 
1.28 

1.25 
1.16 

1.35 
1.24 

1.40 
1.28 

1.45 
1.33 

1.55 
1.43 

31/2X  3 

1%« 

15.8 
5.4 

9.24 
.     3.12 

1.04 
1.11 

1.30 
1.20 

1.40 
1.29 

1.45 
1.34 

1.50 
1.38 

1.60 
1.48 

3V2X2V2 

y* 

12.5 
4.9 

i     7.30 

2.88 

1.06 
1.12 

1.03 
0.95 

1.13 
1.04 

1.18 
1.09 

1.23 
1.13 

1.33 
1.23 

3  x2V2 

%6 

■  y4 

9.5 

4.5 

5.56 
2.64 

0.91 
0.95 

1.05 
1.00 

1.15 
1.09 

1.20 
1.13 

1.25 
1.18 

1.35 
1.28 

3x2 

i  y* 

7.7 
4.1 

4.50 
2.38 

0.92 
0.95 

0.80 
0.74 

0.89 
0.84 

0.94 
0.88 

1.00 
0.93 

1.10 
1.03 

21^2 

'  y2 

1    Vi 

6.8 
3.62 

4.00 
2.12 

0.75 
0.78 

0.84 
0.80 

0.94 
0.89 

0.99 
0.93 

1.04 
0.98 

1.15 
1.08 
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ELEMENTS    OF    SECTIONS 


RADII  OF  GYRATION  FOR  TWO  UNEQUAL  ANGLES 


Short  Legs  Vertical 


-V*  to% 


Single  Angle 


Size, 
Inches 


8x6 

8  xSH 

7  1S3H 

6x4 

6  x3)^ 
5x4 

5x3 

4Hx3 
4x33^ 
4x3 

3hx  3 

3Mx2H 
3  x2J^ 
3x2 

2}^  2 


Two 
Anglfg 

Thick-  !  Weight, 
ness,     i  Pounds  :  t"^""?*' 
Inches    per  Foot    Inches^ 


Radii  of  Gyration,  Inches 


Axis  1-1 


'Ao 


»%« 


%8 


44.2  26.00 

33.8  19.88 

20.2  11.86 

35.7  :   21.00 

27.5  16.12 

16.5  ,     9.68 


32.3 
23.0 
13.0 

30.6 
21.8 
12.3 

28.9 

20.6 

9.8 


% 
% 

24.2 
11.0 

22.7 
8.7 

1^6 

19.9 

8.2 

%0 

18.5 

7.7 

1%« 

•'Ae 

18.5 

7.7 

17.1 
5.8 

15.8 
5.4 

1^6 

12.5 
4.9 

•He 

y* 

9.5 
4.5 

y* 

7.7 
4  1 

yz 

6.8 
3.62 

19.00 

13.50 

7.60 

18.00 

12.80 

7.22 

17.00 

12.12 

5.74 

14.22 
6.46 

13.34 
5.12 

11.68 
4.80. 

10.86 
4.50 

10.86 
4. .50 

10.06 
3.38 

9.24 
3.12 

7.30 

2.88 

5.-56 
2.64 

4.50 
2.38 

4.00 
2.12 


Axis  2-2 


In 


co^r^"^^r»"^^r'"^^ 


H"i 


1.73  3.64  3.73  I  3.78 
1.76  3.60  3.69  3.73 
1.80    !    3.55    i   3.64       3.68 


0.86 
0.88 
0.92 

0.89 
0.92 
0.96 

1.09 
1.13 
1.17 

0.92 
0.95 
1.00 

1.14 
1.20 

0.96 
1.03 

0.80 
0.85 

0.81 
0.87 

1.01 
1.07 

0.83 
0.89 

0.S5 
0.91 

0.69 
0.74 

0.72 
0.75 

0.55 
0.57 

0.56 
0.59 


4.04  4.14  4.19 

3.99  4.09  4.13 

3.93  I   4.02  4.07 

3.48  3.58  3.63 

3.42  !    3.52  3.57 

3.36  3.46  3.50 


2.85 
2.79 
2.74 

2.92 

2.87 
2.81 

2.29 
2.20 

2.36 
2.26 

2.42 
2.33 

2.15 
2.06 

1.81 
1.73 

1.88 
1.78 

1.61 
1.52 

1.66 
1.58 

1.37 
1.31 

1.42 
1.38 

1.15 
1.11 


2.95 
2.89 
2.83 

3.02 
2.96 
2.90 

2.38 
2.29 

2.45 
2.35 

2.52 
2.42 

2.25 
2.15 

1.91 
1.81 

1.98 
1.87 

1.71 
1.61 

1.75 
1.67 

1.46 
1.40 

1.52 
1.47 

1.25 
1.20 


2.99 
2.93 

2.87 

3.07 
3.01 
2.95 

2.43 
2.34 

2.50 
2.39 

2.57 
2.47 

2.30 
2.20 

1.96 
1.86 

2.03 
1.92 

1.76 
1.65 

1.80 
1.71 

1.51 
1.45 

1.57 
1.52 

1.30 
1.25 


3.83 
3.78 
3.73 

4.24 
4.18 
4.12 

3.68 
3.62 
3.55 

3.04 
2.98 
2.92 

3.12 
3.06 
3.00 

2.48 
2.38 

2.55 
2.44 

2.62 
2.52 

2.35 
2.25 

2.01 
1.91 

2.08 
1.96 

1.81 
1.70 

1.86 
1.76 

1.56 
1.50 

1.62 

1.57 

1.35 
1.30 


3.92 
3.87 
3.82 

4.34 
4.28 
4.22 

3.78 
3.72 
3.65 

3.14 
3.08 
3.02 

3.22 
3.16 
3.09 

2.58 
2.48 

2.65 
2.54 

2.72 
2.61 

2.45 
2.34 

2.11 
2.00 

2.18 
2.06 

1.91 
1.80 

1.96 
1.86 

1.66 
1.59 

1.72 
1.67 

1.46 
1.40 
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CARNEGIE  STEEL  COMPANY 


MOMENTS  OF  INERTIA  OF  RECTANGLES 



In  Widths  from  ^  to  %  Inch  and  1  Inch 

1__ 

_1 

Neutral  Axis  Through  Center  Normal  to  Depth 

This  and  the  following  table  may  be  used  in  computing  the 

Moments  of  Inertia  of  Plate  Girders,  Columns  and  other  com- 

pound sections  in  which  plates  are 

used;  see 

pages  150  and  151. 

q5 

Width,  Inches 

V4 

%8 

% 

%6 

V2 

»A6 

% 

1 

1 

.021 

.026 

.031 

.037 

.042 

.047 

.052 

.083 

2 

.167 

.208 

.250 

.292 

.333 

.375 

.417 

.667 

3 

.563 

.703 

.844 

.984 

1.125 

1.266 

1.406 

2.250 

4 

1.333 

1.667 

2.000 

2.333 

2.667 

3.000 

3.333 

5.333 

5 

2.604 

3.255 

3.906 

4.557 

5.208 

5.859 

6.510 

10.417 

6 

4.500 

5.625 

6.750 

7.875 

9.000 

10.125 

11.25C 

18.000 

7 

7.146 

8.932 

10.719 

12.505 

14.292 

16.078 

17.865 

28.583 

8 

10.667 

13.333 

16.000 

18.667 

21.333 

24.000 

26.667 

42.667 

9 

15.188 

18.984 

22.781 

26.578 

30.375 

34.172 

37.969 

60.750 

10 

20.833 

26.042 

31.250 

36.458 

41.667 

46.875 

52.083 

83.333 

11 

27.729 

34.662 

41.594 

48.526 

55.458 

62.391 

69.323 

110.917 

12 

36.000 

45.000 

54.000 

63.000 

72.000 

81.000 

90.000 

144.000 

13 

45.771 

57.214 

68.656 

80.099 

91.542 

102.984 

114.427 

183.083 

14 

57.167 

71.458 

85.750 

100.042 

114.333 

128.625 

142.917 

228.667 

15 

70.313 

87.891 

105.469 

123.047 

140.625 

158.203 

175.781 

281.250 

16 

85.333 

106.667 

128.000 

149.333 

170.667 

192.000 

213.333 

341.333 

17 

102.354 

127.943 

153.531 

179.120 

204.708 

230.297 

255.885 

409.417 

18 

121.500 

151.875 

182.250 

212.625 

243.000 

273.375 

303.750 

486.000 

19 

142.896 

178.620 

214.344 

250.068 

285.792 

321.516 

357.240 

571.583 

20 

166.667 

208.333 

250.000 

291.667 

333.333 

375.000 

416.667 

666.667 

21 

192.938 

241.172 

289.406 

337.641 

385.875 

434.109 

482.344 

771.750 

22 

221.833 

277.292 

332.750 

388.208 

443.667 

499.125 

554.583 

887.333 

23 

253.479 

316.849 

380.219 

443.589 

506.958 

570.328 

633.698 

1013.917 

24 

288.000 

360.000 

432.000 

504.000 

576.000 

648.000 

720.000 

1152.000 

25 

325.521 

406.901 

488.281 

569.662 

651.042 

732.422 

813.802 

1302.083 

26 

366.167 

457.708 

549.250 

640.792 

732.333 

823.875 

915.417 

1464.667 

-27 

410.063 

512.578 

615.094 

717.609 

820.125 

922.641 

1025.156 

1640.250 

28 

457.333 

571.667 

686.000 

800.333 

914.667 

1029.000 

1143.333 

1829.333 

29 

508.104 

635.130 

762.156 

889.1821016.208 

1 

1143.234 

1270.260 

2032.417 

30 

562.500 

703.125 

843.750 

984.3751125.000 

1265.625 

1406.250 

2250.000 

32 

682.667 

853.333 

1024.000 

1194.6671365.333 

1536.000 

1706.667 

2730.667 

34 

818.833 

1023.542 

1228.250 

1432.958'l637.667 

1842.375 

2047.083 

3275.333 

36 

972.000 

1215.000 

1458.000 

1701.000il944.000 

2187.000 

2430.000 

3888.000 

38 

1143.167 

1428.958  1714.750 

2000.5422286.333 

2572.125 

2857.917 

4572.667 

40 

1333.333 

1666.6672000.000 

2333.3332666.667 

3000.000 

3333.333 

5333.333 

42 

1543.500 

1929.375  2315.250 

2701.125 

3087.000 

3472.875 

3858.750 

6174.000 

44 

1774.667 

2218.333 

2662.000 

3105.667 

3549.333 

3993.000 

4436.667 

7098.667 

46 

2027.833 

2534.792 

3041.750 

3548.708 

4055.667 

4562.625 

5069.583 

8111.333 

48 

2304.000 

2880.000 

3456.000 

4032.000 

4608.000 

5184.000 

5760.000 

9216.000 

50 

2604.167 

3255.208 

3906.250 

4557. 292I.52O8. 333 

5859.375 

6510.417 

10416.667 

52 

2929.333 

3G61.667 

4394.000 

5126.3335858.667 

6591.000 

7323.333 

11717.333 

54 

3280.500 

4100.625  4920.750 

5740.875:6561.000 

7381.125 

8201.250 

13122.000 

56 

3658.667 

4573.333l5488.000 

6402.6677317.333 

8232.000 

9146.667 

14634.667 

58 

4064.833 

5081.042  6097.2.50 

7113.4588129.667 

9145.875 

10162.083 

16259.333 

60 

4500.000 

5625.0006750.000 

7875.00019000.000 

10125.000 

11250.000 

18000.000 
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ELEMENTS  OF  SECTIONS 


MOMENTS  OF  INERTIA  OF  RECTANGLES 

In  Widths  of  1  Inch 

1 

1 

Neutral  Axis  Through  Center  Normal  to  Depth 

To  obtain  the  Moment  of  Inertia  of  any  rectangle,  multiply 

the  tabular  value  for  its  depth  by  its  width  in  inches.    For  deeper 

rectangles  of  tabular  thickness,  multiply  the  tabular  values  for 

half  their  depth  by  8 ;  or  for  one-third  their  depth  by  27,  etc. 

li 

li-i 
Inches* 

5S 

Ii-i 
Inches  * 

5J 

q5 

111 
Inches* 

-'1 

Q5 

Ii-i 
Inches  * 

-'J 

Q5 

111 
Inches* 

5S 

Ii-i 
Inches  * 

0 

.000 

6 

18.000 

12 

144.000 

18 

486.000 

24 

1152.000 

30 

2250.000 

y^ 

.000 

% 

19.149 

^ 

148.547 

ya 

496.195 

K  1170.094 

1^2278.243 

% 

.001 

y* 

20.345 

^ 

153.189 

Ya 

506.533 

M1188.376 

1^2306.721 

% 

.004 

% 

21.590 

% 

157.926 

Ya 

517.012 

^1206.848 

5^2335.434 

H 

.010 

H 

22.885 

y. 

162.760 

y. 

527.635 

H1225.510 

H2364.385 

H 

.020 

% 

24.231 

y% 

167.692 

Ya 

538.403 

5^1244.364 

5^2393.575 

% 

.035 

H 

25.629 

H 

172.723 

Ya, 

549.317 

?4  1263.410 

542423.004 

% 

.056 

H 

27.079 

Va  177.853 

Ya 

560.376 

%  1282.650 

J^2452.674 

1 

.083 

7 

28.583    13    1183.083 

19 

571.583 

25    1302.083 

31    2482.583 

Vn 

.119 

H 

30.142 

HI  188.416 

Ya 

582.939 

M1321.713 

1^2512.737 

V* 

.163 

^ 

31.757 

H'  193.850 

H 

594.444 

M  1341.538 

M2543.132 

H 

.217 

H 

33.428 

Vh 

199.389 

% 

606.099 

3^1361.561 

5^2573.771 

H 

.281 

y» 

35.156 

H 

205.031 

y 

617.906 

M  1381.781 

1^2604.656 

»/^ 

.358 

H 

36.944 

% 

210.779 

Va 

629.866 

Ya  1402.202 

5^2635.787 

H 

.447 

H 

38.790 

y* 

216.634 

% 

641.978 

5^1422.821 

54  2667.165 

2 

.549 

■>A 

40.698 

ys 

222.596 

Ya 

654.245 

K:1443.644 
26   |1464.667 

J^2698.792 

.667 

8 

42.667 

14     228.667 

20 

666.667 

32    [2730.667 

H 

.800 

M 

44.698 

Va  234.847 

ya 

679.245 

Ya  1485.893 

H2762.792 

y* 

.949 

y* 

46.793 

M  241.137 

Ya, 

691.840 

Ji  1507.324 

M2795.168 

% 

1.116 

% 

48.952 

%)  247.538 

Ya 

704.874 

^1528.961 

5i[2827.797 

y> 

1.302 

y-i 

61.177 

y 

254.052 

y 

717.927 

H  1550.802 

1^12860.677 

H 

1.507 

*/8 

63.468 

% 

260.679 

Ya 

731.141 

5^1572.851 

5ii2893.812 

V\ 

1.733 

y* 

65.827 

Va. 

267.421 

H 

744.514 

M  1595.108 

542927.202 

'/8 

1.980 

% 

58.254 

Va 

274.277 

Ya 

758.051 

K1617..575 

Ji2960.849 

3 

2.250 

9 

60.750 

15    '281.250 

21    L771.750|27    1640.250  33    [2994.750   | 

y% 

2.543 

% 

63.317 

Ya  288.340 

ya 

785.613 

H 1663. 136 

K  3028.911 

y* 

2.861 

y< 

65.954 

%  295.548 

Ya 

799.652 

M  1686.236 

M  3063.329 

»/8 

3.204 

% 

68.665 

Ya  302.875 

Ya 

813.836 

^1709.547 

5^8  3098.009 

H 

3.573 

Vi 

71.448 

Yi  310.323 

y 

828.198 

H  1733.073 

H3132.948 

Vh 

3.970 

% 

74.305 

Ya  317.891 

Ya 

842.727 

5^1756.814 

5^3168.150 

Va 

4.395 

% 

77.238 

H 

325.582 

Vx 

857.426 

3^1780.770 

54  3203.614 

% 

4.849 

Vi 

80.247 

Va 

333.396 

Va 

872.294 

J^  1804.943 

J^g  3239.341 

4 

5.333 

10 

83.333 

16 

341.333 

22 

887.333 
902.545 

28 

Ya 

1829.333  34 

3275.333    | 

V^ 

5.849 

y^ 

86.498 

y^ 

349.396 

Ya 

1853.943 

K  33 11.592 

yx 

6.397 

H 

89.741 

M 

357.585 

Ya 

917.928 

J4  1878.773 

M 3348. 117 

H 

6.978 

■% 

93.064 

H 

365.900 

Va 

933.486 

3^1903.823 

5^^3384.909 

y, 

7.594 

y 

96.469 

V, 

374.344 

y 

949.219 

K  1929.094 

K  342 1.969 

«/8 

8.244 

% 

99.955 

% 

382.916 

Ya 

965.127 

5^19.54.588 

5^.3459.300 

y* 

8.931 

■'4 

103.525 

% 

391.618 

Ya 

981.212 

5^1980.305 

54.3496.900 

Vs 

9.655 

Vs 

107.178 

Va 

400.4.52 

ya 

997.475 

J^  2006.249 

7^3.534.772 

5 

10.417 

11 

110.917 

17 

409.417 

23    11013.917129    2032.417  35    [3572.917    | 

^ 

11.218 

H 

114.741 

Ya 

418.515 

K  1030.538 

H2058.811 

H  36 11.334 

'4 

12.059 

% 

118.652 

y* 

427.746 

M  1047.340 

Ji2085.434' 

143650.027 

»/8 

12.941 

% 

122.652 

Ya 

437.113 

^1064.323 

5^2112.285 

5^3688.994 

i^ 

13.865 

y 

126.740 

y 

446.615 

1^1081.490 

1^2139.365 

H3728.240 

*/s 

14.832 

Vs 

130.918 

ya 

450.253 

Ya  1098.839 

5^2106.676 

5^3767.763 

»4 

15.843 

y* 

135.186 

Ya 

466.030 

M1116.374 

542194.218 

54  3807.501 

>^« 

16.898 

y^ 

139..547 

Ya  475.945 

K  1134.094 

K2221.992 

J^3S47.641 

6 

18.000 

12 

144.000;  18   1486.000 

24   |1152.000i:30    2250.000  36   ^3888.0^0    | 
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CARNEQIE 

STEEL    COMPANY 

1 

i 

y* 

HOLLOW  ROUND  SECTIONS 
Areas  and  Radii  of  Gyration 

"1      Area^  •^(D^-d^)  ^Q^g^^  (D2-d2)  sq.  in. 
]      Radius  of  gyration  =  — — -^ m- 

Dia. 

D, 

Inches 

1 

Thickness  in  Inches 

V4. 

%6 

% 

V2 

% 

% 

Va 

1 

IVs 

m  1% 

iy2 

1% 

1% 

1% 

2 

2 

A 
r 

1.37  1.66 

0.63  0.61 

1 

-!- 

— 







3 

_A^i  2.16'  2.64! ,        I        1 ;_     ' 

r   ro.98'  0.9fr        ill'" 

""^"1 



4 

A 

r 

2.95i  3.62:  4.27  5.50i        i                                                  | 
1.33!  1.31!  1.29   1.25'        1        1                                          i 

5 

A  1  3.73  4.6UI  5.45i  7.07  8.5910.01 

r  iT68:  1.60  1.64!  i.eoTso'  1.53 

— 1 — 

- 

I 

6 

A 

4.521  5.58 

6.63i  8.6410,5512.37  14.0915.71 

, 

r 

2.03'  2.01 

1.991  1.951  1.91!  1.88!   1.841  1.80i 

I          1 

7 

A 

r 

5.30i  6.57|  7.8010.2112.5214.73  16.8418.85  20.7622.58 
2.39'  2.37i  2.35'  2.30:T27l  2.231  2.19'  2.151  2.12'"2.08 

1        ! 

8 

A 

r 

6.09:  7.55  8.9811.7814.4817.08  19.5921.9924.3026.51   28.621  30.63' 

2,74   2.72I  2.70|  2.661  2.621  2.581  2.54'  2.50!  2.46:~2.43l    2.39!    2.36i         '\ 

9 

A 
r 

6.87 
3,09 

8.5310.1613.3516.4419.44  22.3325.13  27  83  30.43,1  32.94 
3.07  3.O5I  3.01!  2.97!  2.93I  2.89!  2.85!  2.8r2.78!    2.74 

35,34 

37.65'  39.86 

2.67'    2.64 

[ 

2.70 

10 

A 

r 

7.66  J^IU.3414.9218.4121.79  25.08  28.2731.3734.36:  37.26,  40.06  42.76 
3.45  3.43|  3.41  3.36|  3.32!  3.281  3.241  3.20|  3.16  3.13^    3.09]    3.05~  3.02 

45,36;  47.86!  50,27 
2.98'    2.95'    2.92 

11 

A  j  8.4410.4912.5216.4920.3724.1527.8331.4234.9038.29,  41.58 

44.77 

47.86 

50.85,  53.75   56.55 

r 

3.80:  3.781  3.76|  3.72!  3.67!  3.63   3.59'  3.55|  3.5l|  3.48:    3.44! 

3.40 

3.36'    3.331    3.29     3.26 

12 

A 
r 

9.23,11.4713.7018.0622.3326.51  30.5834.5638.4442.22  45.90{ 
4.16  4.f3|  4.III  4.07i  4.03  3.99?  3.95i  3.911^3.87  3.83I    3.79: 

49.48 

52.97   56.35,  59.64,  62.83 
3.71     3.68     3.64!    3.61 

3.75 

13 

A 
r 

10.0112.4614.8719.6324.3028.8633.3337.7041.97  46.14   50.22  54.19   58.07  61.85   65,53   69,12 
4.5li  4.49!  4.47i  4.42!  4  38!  4.34I  4.30!  4.26!  4.22'  4.18'    4.14,    4.10'    4.06     4.031    5^99,    S.% 

14 

A 
r 

10.8013.4416.0521.2126.2631.22  36.0840.8445.5050.07  54.54  58.91'  63.18   67.35;  71.42   75.40 
4.86!  4.841  4.82!  4.78|  4.73'  4.69!  4.65!  4.6l|  4.57!  4.53'    4.49!    4.45     4.41    4.38    4.34!    4.30 

15 

A 

r 

11.5814.4217.23  22.7828.2333.58  38.8343.9849.0454.00,  58.86  63.62   68.28   72.85  77.31  81.68 
5.22  5.19!  5.1 7|  5.13  5.09!  5.05   5.001  4.96!  4.92!  4.88!    4.84     4.80i     4.76     4.73     4.69    4.65 

16 

A 

r 

12.3715.4018.4124.3530.1935.9341.5847.1252.57  57.92'  63.18  68.33'  73.39   78.34!  83.20   87.97 
5^57!  5.55|  5.53!  5.48|  5.44!  5.40   5.36!  5.32!  5,27!  5.23     5.19'    5.15!     5.11     5.08     5.041    5.00 

17 

A 
r 

13.1616.3819.5925.9232.1538.2944.3350.27  56.1161.85   67.50  73.04  78.49  83.84  89.09  94.25 
5.92I  5.90!  5.88!  5.84!  5.79!  5.75i  5.7l!  5.67!  5.63  5.59     5.55!    5.5l|    5.471    5.43     5.39    6.35 

18 

A 
r 

13.9417.3620.76  27.4934.12  40.64  47.0753.4159.64  65.78   71.82   77.75   83.60,  89.341  94.98100.53 
6.28!  6.251  6-23!  6.19'  6.15!  6.10  6.06,  6.02!  5.98!  5.94     5.90     5.86     5.82     5.78!    5.74    5.70 

19 

A 
r 

14.7318.3521.94  29.0636.0843.00  49.82  56.556318  69.70'  76.13  82.47  88.70   94.84,100.87106.83 
6.63!  6.6II  6.59  6.54!  6.501  6.46  6.42  6.371  6.33   6.29!     6.25|    6.2 1!    6.1 7i    6,13     6.09!    6.05 

20 

A  |15.51 
r  )  6.98 

19.33 
6.96, 

23.12 
6.94, 

30.63 
6.90, 

58.04 
6.85 

45.36 
6.81: 

52.57 

6.77', 

59.69 
673; 

66.71 
6.69, 

■3.63 
6.64i 

80.45 
6,601 

87.18 
6.56 

93.81100.33 
6.521    6.48 

106.77 
6.44 

113.10 
6.40 
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ELEMENTS    OF    SECTIONS 


HOLLOW  SQUARE  SECTIONS 
Areas  and  Radii  of  G\ratiox 


Area  =  D^ — d^  sq.  in. 


Radius  of  gyration=  \ 7-9 m- 


Side 

D, 

Inches 

5 

a 

1 

Thickness,  t,  Inches 

V4 

%8 

% 

V2 

% 

%       -'8 

1 

1%  ly* 

1% 

IVa 

1% 

1% 

1%      2 

2 

A 

r 

1.75 
.72 

2.11 

.70 





1 

1          i 

3 

A 

r 

2.75 
1.13 

3.36 
1.10 

1 

1        1        1          1 

■  -  — ! — 

4 

A 
r 

3.75|  4.61 
1.53|  1.51 

5.44 
1.49 

7001 

1.44 

1                        !            ! 

5 

A 
r 

4  75  5.86 
1.94   1.92 

6.94 
1.89 

9.00,10.9412.75 
1.851  1.80   1.76 



— 



— ■ ^ — : 

G 

A 

r 

5.75'  711|  8.44 

11.0013.4415.7517.9420.00 

2.25I  2.21!  217i  212  2.08 

—  — 

1         1 

2.35,  2.33 
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; 

7 

A 

r 
A 

r 

6.75  8.36 

2.76  2.73 
775i  9.61 

9.94 13.00 15.94;i8.7521.44  24.00  26.44'28.75 

j— 

2.711  266  262|  2.57  2.53!  2.4S,  2.44 
11.44!l5.00 18.44  21.75;24.94  28.00  30.94 

2.40 

i 

8 

33.75 

36.44 

39.00; 

1     1 

3.17I  3.141  3.12|  3.07|  3.02I  2.98|  2.93|  2.89|  2.84}  2,80 
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2.72!          !          1 

9 

A 

r 

8.75  10.86 12.94^17,00  20.94|24.75 

28.44  32.00^35.44  38.75 

41.94 

45.00  4794 
3.12    3.08 

50.75!          1 

3.57]  3.55  3.53|  3.4^  3.43i  3.38 

3.341  3.29I  3.25I  3.20 

3.16 

3.05!          1 

10 

A 
r 

9.75' 12.11 
3.98|  3.96 

14.44'19.00'23.44'277531.94;36.00  39.9443.75 
3.93|  3.88!  3.84i  3.79!  3,74  3.70'T65'  3.61 

4744 
3.57 

51.00  54.44   57.75 
3.52     3.48    3.44 

60.941  64.00 
3.40|    3.37 

11 

A 

r 

10.7513.36 
4.39|  4.37 

15.94  21.00  25.94  30.75  35.44  40.00  44.44  48.75 
4.34|  4.29|  4.24!  4.201  4.151  4.10  4.061  4.01 

52.94 
3.97 

5700  60.94  64.75 
3.93,    3.88     3.84 

68.44!  72.00 
3.8O:    3.76 

12 

A 
r 

11.75 
4.80 

14.61 
4.77 

1744  23.00  28.44  33.75  38.94  44.00  48.94  53.75 
4.75I  4.70!  4.65!  4.6OI  4.56|  4.51  4.46  4.42 

58.44 
4.37 

63.00:  6744   71.75;  7.5.94;  80.00 
4.33!    4.29'    4.25!    4.20     4.16 

.  13 

r 

1275 
5.21 

15.86;  18.94  25.00  30.94'36.75  42.44  48.00  53.44;  58.75 
5.181  5.16|  5.1  li  5.06!  5.0l|  4.96i  4.92|  4.87J  4.8S 

63.94 

4.78 

69.00   73.94,  78.7.5)  83.44  88.00 
4.74'    4.69     4.60I    4.01     4.56 

14 

r 

13.75 
5.61 

1711 20.44  2700  33.4439.75  45.94  52.00:5794  63.75 
5.59I  5.561  5.51  5.471  5.42!  5.37!  5.32  5.28  5.23 

69.44  75.00;  80.44   85.75  90.94   96.00 
5.18    5.14     5.10     5.05!    5.01     4.97 

1.) 

A 

r 

14.75' 18.36  21.9429.0035.94  42.75:49.44  56.00  62. 44'68. 75 
6.O2I  e.OOi  5.971  5.921  5.87|  5.83|  5.78|  5.73!  5.68!  5.64 

74.94 
5.59 

81.00!  86.94j  92.7.5  93.44104.00 
5.55     5.50I    5.46     5.4l!    5.37 

16 

A 

r 

15.75 
6.43 

19.61 23.44  31.00  38.44  45.75  52.94  60.00  66.94  73.75 
"6.41  6.38!  6.33:  6.28!  6.23!  6.19  6.14!  6.09  6.04 

80.44 
6.00 

8700,  93.44   99.7ol05.94 112.00 
5.95     5.91     5.86     5.82^     5.77 

17 

A 

r 

16.7520.8624.94 .33.00  40.94'48.75'56.44  64.00  71.44|78.75 
6.84'  6.81'  6.79!  6.74  6.69!  6.64!  6-S9'  6.54;  6.50!  6.45 

85.94 

6.40 

93.00  99.94  106.7511.3.44120.00 
6.361    531I    6  27|    6,231    6.18 

18 

A 

17.75  22.11 26.44  3.5.00  43.44  5 1.75  59.94  68.00,75.S4'83.75 

91.44 

99.00106.44113.7.5120.94128.00 

r   1  7.25!  7.22,  7.20:  7.15  7.10:  7.05,  7.00,  6.95|  6.90j  6.8C 

6,81 

6.76     6.72    6.67!    6.63     6.58 

A    18.75  23.36  27.94  37.00  45.94 .54.7.!,  ()3.«  72.00  SO.44l88.75 
r   1  7.66'  7.63   7.61'  7.5^  7.5l!  7.46i  7.4l!  7.3&  7.3l!  7.26 

96,94 

105.00112.94 

7.1 7|    712 

120.75128.44136.00 

72^ 

708j    7.03:    6.99 

20 

A 

r 

19.75 
8.06 

24.61 
8.04 

29.44 
8.01 

39.00 
79^ 

48.44 
7911 

5775 
787 

66.94 
782i 

76.00 

7771 

84.94 
7.72 

93.75 

767 

10244 
762 

111.00 
758 

119.44 
753 

12775 
749 

13.5.94144.00 
744|    7.39 
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STRESSES  IN  BEAMS 

In  the  application  of  the  principles  of  structural  mechanics  to 
determine  what  sections  should  be  used  safely  to  sustain  super- 
imposed loads  under  specified  conditions  of  loading,  it  is  necessary 
to  ascertain,  first,  the  effects  produced  on  the  structure  by  the  loads 
under  those  conditions;  second,  to  decide  what  unit  strength  the 
material,  the  use  of  which  is  contemplated,  has  to  resist  the  stresses 
produced  within  the  structure  by  the  loading;  and,  third,  to  select 
a  section  whose  section  modulus  is  equivalent  to  the  ratio  found  to 
exist  between  the  stresses  tending  to  cause  deformation  within 
the  structure  and  the  unit  strength  of  the  material  to  resist  them. 

Reactions.  In  the  simple  case  of  a  beam  supported  at  both  ends, 
each  support  reacts  with  an  upward  pressure  called  the  reaction 
of  the  support.  The  sum  of  these  two  reactions  is  equal  to  the  total 
load  on  the  beam. 

Shear.  The  loads  and  the  reactions  of  the  supports  are  vertical 
forces  tending  to  shear  or  cut  the  beam  across  and  the  stresses 
they  produce  within  the  beam  are,  therefore,  called  shearing 
stresses.  The  shear  at  each  support  is  equal  to  the  reaction  of 
the  support;  the  shear  at  any  point  between  the  supports  is  equal 
to  the  reaction  of  a  support  less  the  total  load  between  that 
support  and  the  point;  or,  if  the  reaction  acting  upward  is 
considered  as  positive  and  the  loads,  acting  downwards,  as 
negative,  the  shear  at  any  point  is  the  algebraic  sum  of  the 
vertical  forces  acting  on  the  beam  between  that  point  and  either 
support. 

If  such  a  simple  beam  supported  at  both  ends  carries  a  load 
uniformly  distributed  over  its  entire  length,  the  reaction  and  the 
shear  at  each  support  is  equal  to  one-half  the  total  load  on  the 
beam,  but  the  shear  decreases  uniformly  to  zero  at  the  center  of 
the  span;  if  the  load  is  concentrated  at  the  center  of  the  span,  thfe 
reaction  and  the  shear  at  each  support  are  also  equal  to  one-half 
the  total  load,  but  the  shear  is  uniform  throughout  the  entire 
length  of  the  beam. 

Bending  Moment.  The  loads  on  the  beam  and  the  reactions  of  the 
supports  constitute  external  forces  which  produce  bending  stress  in 
the  beam.  The  summation  of  the  moments  of  the  external  forces 
about  any  point  is  called  the  bending  moment  and  varies  from 
point  to  point.  It  attains  a  maximum  value  at  a  point  where  the 
shear  is  either  zero  or  changes  from  positive  to  negative  or  vice 
versa.  If  the  loads  are  concentrated  at  several  points,  the  maxi- 
mum bending  moment  always  occurs  at  the  point  of  application  of 
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one  of  the  loads  so  located  that  the  sum  of  all  the  loads  on  the  beam 
between  one  support  up  to  and  including  that  load  is  equal  to  or 
greater  than  the  reaction  of  the  support. 

Vertical  Deflection.  Bending  stress  within  a  beam  produces  flexure, 
and  the  deflection,  or  the  amount  of  its  departure  from  a  straight 
line,  is  the  measure  of  the  deformation  which  the  beam  has  under- 
gone in  its  resistance  to  bending  stress.  So  long  as  the  stress  is 
within  the  safe  limits  allowed  for  the  material,  the  deflection  is 
negligible  so  far  as  concerns  the  beam  itself;  it  may,  however,  be 
of  sufficient  magnitude  to  cause  the  disruption  of  other  materials 
in  contact  with  or  supported  by  the  beam  but  of  less  strength,  such 
as  plaster.  In  such  cases  the  limit  of  allowable  deflection  may 
determine  or  at  least  influence  the  choice  of  a  section. 

Lateral  Deflection.  The  stresses  within  a  beam  under  transverse 
loading  are  compressive  on  one  side  of  the  neutral  axis  and  tensile 
on  the  other.  The  tensile  stresses  tend  to  hold  the  beam  in  a 
straight  line  between  the  supports,  while  the  compressive  stresses 
tend  to  deflect  it  in  a  lateral  direction,  just  as  the  bending  stresses 
as  a  whole  tend  to  deflect  it  in  a  vertical  plane.  On  long  spans 
unsupported  against  sidewise  deflection,  this  consideration  may 
influence  the  choice  of  sections. 

Method  of  Computation.  A  Complete  investigation  of  the  strength  of 
beams  under  transverse  loading  must  take  into  account  all  the 
elements,  the  bending  moment,  the  vertical  deflection,  the  lateral 
deflection  and  the  shearing  stress;  though  under  the  usual  loading 
conditions  the  first  alone  determines  the  size  and  weight  of  section. 

In  the  calculation  of  bending  stresses,  the  loads  are  usually 
expressed  in  pounds,  the  span  length  and  the  distance  between  the 
loads  in  feet;  the  resulting  bending  moments  are  in  terms  of  foot 
pounds,  which  necessitates  conversion  to  inch  pounds  before  the 
section  can  be  selected  from  the  tables.  The  section  modulus  of 
the  required  section  is  obtained  by  dividing  the  maximum  bending 
moment  in  inch  pounds  by  the  allowed  fiber  stress  in  pounds  per 
square  inch.  In  such  calculations  it  is  assumed  that  the  neutral 
axis  of  the  section  is  normal  to  the  line  of  action  of  the  load.  When 
this  is  not  the  case,  correction  must  be  made  for  the  eccentricity 
of  the  loading. 

In  the  pages  which  immediately  follow  are  given  general  formulas 
for  the  bending  moments  and  vertical  deflections  of  beams  under 
the  usual  conditions  of  loading,  and  also  diagrams  illustrative  of 
those  conditions.  The  general  method  for  the  computation  of  the 
maximum  bending  moment  of  a  beam  supported  at  its  ends  and 
loaded  at  various  points  is  as  follows; — 
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First.  Find  the  reaction  at  the  left  (right)  support  by  multi- 
plying each  load  by  its  distance  from  the  right  (left)  support  and 
dividing  the  sum  of  these  products  by  the  length  of  the  span. 

Second.  Starting  from  the  left  (right)  end  of  the  beam,  add  the 
successive  loads  until  a  point  is  reached  where  the  sum  of  the  loads 
equals  or  exceeds  the  reaction  of  the  left  (right)  support;  the  point 
of  maximum  bending  moment  is  located  at  this  point. 

Third.  Multiply  the  reaction  at  the  left  (right)  support  by  its 
distance  from  the  point  of  maximum  bending  moment  and  subtract 
the  sum  of  the  products  of  all  loads  to  the  left  (right)  of  this  point 
by  the  corresponding  distance  from  this  point;  the  difference 
between  these  moments  is  then  the  maximum  bending  moment. 
^ q'_  ni'... ^  ^^A',n'-'->.  Example:     Required  the   size  of   a 


-4-0"-r  ■  5-0- 


steel   beam  to    support    the   following 
quiescent  loads  over  a  clear  span  of  1 6 

U— 5'_  Q-"- '^2-oT       '®®'  between  supports,  at  a  maxim^um 

r..i2'.  (^lZP- -H        fiber  stress  not  to  exceed  16000  pounds 

"16 -0  "        per  square  inch. 

Wi  =  16000  poimds,  4  feet  from  left  support. 
W2=  18000        "         9     " 

W3=  2000        "         per  foot,  uniform  up  to  4  feet  from  right  support. 
W4=3        60        "  "      "      assumed  weight  of  beam  uniformly  distributed 

over  entire  span. 

Left  Reaction,        16000  ^  12  +  (60  x  16)8  +^1^8000  x  7  +  (2000  x  4)  x  2^^^^^.^  ^^^ 

Right  Reaction.    16000  x  4  +  (60  x  16)  8  +  18000  x9  +  (2000  x  4)  x  H^^^^OS  lbs. 

Sumof  reactions=sumofloads=Wi  +  W^   +   W3  +  W4  =42960  lbs. 

Points  of  maximum  moment  (60  x  4)  +  16000  =   16240  <  21355 

(60  X  9)  +  16000  +    18000   =  34540  >  21355 

therefore  the  point  of  maximum  bending  moment  is  at  point  of  load  Wo. 

Maximum  bending  moment,  21355x9-16000x5-(60x9)x4.5  =109765  ft.  lbs. 

or,  21605x7-(2000x4)x5-(60x7)x3.5       =109765  ft.  lbs. 

„        .      ,       ^.  ,   ,  109765  X  12      1317180     „„  . 

Required  section  modulus  =  — iBooO — ~~r6000~~ 

As  the  section  modulus  of  the  15  inch  65  pound  or  the  18  inch  54.7  poimd 

beam  is  greater  than  this,  either  of  these  sections  may  be  used.     If  it  is  decided 

that  the  18  inch  48.2  pound  supplementary  beam  is  strong  enough  for  the 

1317180 
purpose,  the  actual  fiber  stress  on  that  section  would  be  — gj-g— =  16082 

pounds  per  square  inch.     If  the  allowed  fiber  stress  were  12500  pounds  per 

•      1,    *i  •     J         ^-  ^    .  1^   V,     109765x12      1317180 

square  inch,  the  reqmred  section  modulus  would  be  — ,2500 —  =  ~l^500    ~ 

105.38  and  the  permissible  minimum  sections  would  be  20  inch  65.4  pound,  21 

inch  60.4  pound  beams,  etc. 
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NOTATION  USED  IN  FORMULAS 

A  =Area  of  section,  in  square  inches. 

n    =Distance  from  center  line  of  gravity  to  extreme  fiber,  in  inches. 

I    ^Moment  of  inertia  about  center  hne  of  gravity,  in  inches*. 

Ms=Static  moment,  in  inches^. 

S    =Section  modulus  =  I/n,  in  inches^. 

r    =Radius  of  gyration  =  V  I/A,  in  inches. 

f     ^Bending  stress  ia  extreme  fiber,  in  pounds  per  square  inch. 

fb  ==Resistance  of  web,  in  pounds  per  square  inch. 

E  =Modulus  of  elasticity,  in  pounds  per  square  inch. 

L   =Length  of  section,  in  feet. 

1     =Length  of  section,  in  inches. 

d    =Depth  of  section,  in  inches. 

b    =Width  of  section,  in  inches. 

t    :=Thickness  of  section,  in  inches. 

W,  Wi,  W2=Superimposed  loads  supported  by  beam,  in  pounds. 

w  =Superimposed  load,  in  pounds  per  unit  length  or  area. 

W  max        =Maximum  safe  load  at  point  given,  in  pounds. 

R,   Ri  ^Reactions  at  points  of  support,  in  pounds. 

V  ^Vertical  shear,  in  pounds. 

M,  Ml,  M2=Bending  moments  at  points  given,  in  inch  pounds. 

M  max        =Maximum  bending  moment,  in  inch  pounds. 

Mr  =  Maximum  roHisting  moment,  in  inch  pounds=f  I/n  =  f  S. 

D,  Di  =Deflections  at  points  given,  in  inches. 

D  max         =Maximum  deflection  at  point  given,  in  inches. 
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COMPARISON  OF  VARIOUS  LOADING   CONDITIONS 

The  formulas  and  diagrams  on  pages  185  to  188  give  the  various 
stresses  in  sections  used  as  beams,  resulting  from  usual  conditions 
of  loading. 

Taking  as  a  unit  of  comparison  a  uniformly  distributed  safe  load 
on  beams  of  equal  length  and  section,  supported  at  the  extreme 
ends,  the  following  table  gives  the  relative  maximum  safe  loads 
or  bending  moments  and  deflections. 

As  a  check  on  the  accuracy  of  a  computation,  the  safe  load 
obtained  from  the  formula  for  any  condition  of  loading  may  be 
multiplied  by  the  reciprocal  given  in  the  table  corresponding  to 
such  loading  condition  ;  the  result  should  be  the  maximum  allowable 
uniform  load  as  taken  from  beam  safe  load  tables. 


Conditions  of  Loading 

Case 

No. 

Maximum  Safe 
Load 

Maximum 
Deflection 

Relative 

Reciprocal 

Relative 

Beam  Supported  at  Ends 

Load  uniformly  distributed  over  span 

IX 

1 

1 

1 

Load  concentrated  at  center  of  span 

V 

Vs 

2 

.80 

Two  equal  loads  symmetrically  concentrated 

VII 

l/4a 

4a/l 

Load  increasing  imif  ormly  to  one  end 

X 

.9743 

1.0264 

.976 

Load  increasing  imiformly  to  center 

XII 

% 

IVs 

.96 

Load  decreasing  imiformly  to  center 

XI 

% 

% 

1.08 

Beam  Fixed  at  One  End,  Cantilever 

Load  uniformly  distributed  over  span 

II 

Vi 

4 

2.40 

Load  concentrated  at  end 

I 

Vs 

8 

3.20 

Load  increasing  uniformly  to  fixed  end 

III 

% 

2% 

1.92 

Beam   Continuous   over  Two   Supports 

Equidistant  from  Ends 

Load  uniformly  distributed  over  span 

XVI 

1.     If  distance  a  >  0.2071  1 

l2/4as 

4a2/12 

2.     If  distance  a  <0.2071  1 

1 
l-4a 

l-4a 

3.     If  distance  a  =0.2071  1 

5.8285 

.1716 

Two  equal  loads  concentrated  at  ends 

XV 

l/4a 

4a/l 
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BEAMS  UNDER  VARIOUS  LOADING  CONDITIONS 
Bending  Moments  and  Deflections 


I.       CANTILEVER  BEAM — Concentrated  load  at  free  end 

]  Ri(max.  shear) 

M|max. 
...i  M,  distance  x 

Mmax,  at  Ri 

Wmax. 

Dmax. 


=  W 
=  Wx 

=  Wl 

_  fS 
~    1 

W18 

~  3EI 


II.         CANTILEVER  BEAM — Uniformly  distributed  load 

"t  Ri(max.  shear)  =  W 

M  max.   _  ,     ,.  Wx2 


Df"l 


'Ri 


M,  distance  x 
M  max.  at  Ri 
Wmax. 
Dmax. 


21 

Wl 

2 

2fS 
1 

Wla 
8EI 


III.      CANTILEVER  BEAM — Load    increasing:    uniformly  to  fixed  end 


xr    - 


'T  R]  (max.  shear) 

M  max.    ,,     ,.  ^ 

M.  distance  x 

Mmax.  at  Ri 

Wmax. 

Dmax. 


=    W 


W      x3 

Wl 

3 
3fS 

1 

W18 

15EI 


IV.    BEAM  SUPPORTED  AT  ENDS — Concentrated  load  near  one  end 

Wb 


M'max. 


R(max.  shear  if  b>a) 


Wa 
Ri(max.  shear  if  a>b)=  — j — 

^^    .•  .  Wbx 

M,  distance  x  =  — i — 


.      •   .    ,.      1       Wab 
Mmax.,  at  point  of  load=  — j — 


Wmax. 
Dmax. 


=  fSl 

ab  

Wab  (a+2b)V3a(a+2b) 
27EI1 
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BEAMS  UNDER  VARIOUS  LOADING  CONDITIONS 
Bending  Moments  and  Deflections 


V.     BEAM  SUPPORTED  AT  ENDS — Concentrated  load  at  center 

]Vi  ixiax.R  (ma-x.  stiear)  =Ri 
M,  distance  x 


Mmax.,  at  point  of  load    = 
W  max.  = 

D  max.  = 


W 
2 
Wx 

2 

Wl 

4 

4fS 


Wl« 

48EI 


VI.     BEAM  SUPPORTED  AT  ENDS — Two  unsymmetrical  concentrated  loads 

W 

R  (max.  shear  if  a<b)  =  — ^(i_a+b) 

W 

=  "21-  (1+a-b) 


ill 


Ri 

M,  distance  a 

Ml  max.,  distance  b  (b>a)  =  Rib=-'-;^T^(I+a-b) 

M2,  distance  x 

Wmax.  (b>a) 


Wa 

=  Ra=-2p(l-a+b) 

Wb 


Rx-^(x-a) 


2 
MfS 


bd+a-b; 


VII.     BEAM  SUPPORTED  AT  ENDS— Two  symmetrical  concentrated  loads 

m': 


max. 


W 

R  (max.  shear)  =Ri  =  —^ 

Wx 


M,  distance  x 

M  max.  at  and  betweenloads: 

W  max. 

Dmax. 


Wa 

2 
2fS 


=w(y*i^-^> 


VIII.     BEAM  SUPPORTED  AT  ENDS — Three  concentrated  loads 

Wb+Wibi+W2b2 


M 


M2  M, 


W     W,      W2 


R 

Ri 

MatW 

M  max.  if  W 
MatWi 

Mmax.  if  Wi+W 

M  max.  if  Wi+Wo 
M  at  W2 

M  max.  if  W2 


~  1 

_  Wa+Wiai+W2a2 

I 
=  Ra. 
=  or>R 
=  Rai-W(ai-a) 
=  Ror>R 
=  Rior>Ri 

=  Ra2-W  (a2-aJ-Wi(a2-ai) 
=  Rior>  Ri 
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IX. 


BEAMS  UNDER  VARIOUS  LOADING  CONDITIONS 

Bending  Moments  and  Deflections 

BEAM  SUPPORTED  AT  ENDS— Uniformly  distributed  load 

W 


R(max.  shear)=Ri  = 

M,  distance  z 

M  max.  at  center 

Wmax. 

Dmax. 


2 

Wl 

8 
8fS 

5W18 


384EI 


R 


BEAM  SUPPORTED  AT  ENDS — Load  increasing  uniformly  to  one  end 

W 

—    3 

2W 
Ri (max.  shear)  = — g— 

;max. 

M,  distance  x  —  — g^ 

1  V  3  _    2W1 


WX  X2 

(1— 12-) 


M  max.,  distance 
W  max. 
Dmax. 


3 


9  \3 
27fS 
21  >/'3 

.013044  W18 
EI 


M  inax. 


BEAM  SUPPORTED  AT  ENDS — Load  decreasing;  uniformly  to  center 

R(max.  shear)=Ri 
M ,  distance  x 
M  max.,  distance  — 
Wmax. 


~~    2 

=  Wx(M- 

_  Wl_ 
~    12 

12fS 


1     ■312   > 


312 


Dmax. 


3W18 
320EI 


XIL 


BEAM  SUPPORTED  AT  ENDS — Load  increasing;  uniformly  to  center 

W 


R(max  shear)=Ri 

M,  distance  X 

M  max.,  distance  -2 

Wmax. 

Dmax. 


Wx(}^-^) 

Wl 

6 
6fS 

Wla 
60EI 
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BEAMS  UNDER  VARIOUS  LOADING  CONDITIONS 
Bending  Moments  and  Deflections — Concluded 

XIII.     BEAM  SUPPORTED  AT  ENDS— Uniform  load  partially  distributed 


M,'max. 


r>/             ,         ■,     ^   -.      W(2c+b) 
R(max.  shear  if  a<c)= 7^ — — 

^  .  W(2a+b) 

Ki  — gp 

M,  dist. x=aor<a,    =Rx 

^^^_W(x-a)2. 


Ml  dist.x>a. 


2b 


R^MiiiigiiU^Ri 


M2,  dist.x>(a+b).    =:Rx    W^^x^^a  b) 


M  max.,  dist.  a+ 
Wmax. 


Rb     _W(2c+b)[4aI+b(2c+b)l 

1^' SP 

8l3fS 

^  (2c+b)[4aH-b(2c+b)] 


XIV.    BEAM  SUPPORTED  AT  ENDS — Uniform  load  partially  discontinuous 

W(21-a)+W,c 

2l 

.;max.    „  Wir21-c)+Wa 

21 

Wx2 

M,  distance  x  <a,  "~ 


Ml 


R(max.  shear  if  W>Wi) 
Ri 


■  a----»i»--b--*--  c 


=  Rx- 


Mi  distance  x  >a. 


=  Rx- 


W (2x-a) 


Mmax.  dist.x 


Wmax. 


2Wal-Wa3+Wica       -^.^^ 


■2wr 

&  Wa>WiC 


R3a 
2fS 


XV.  BEAM  CONTINUOUS  OVER  TWO  SUPPORTS — Two  exterior  symmetrical  loads 

W 


R(max.  shear)=Ri 

M,  distance  x 

M  max.,  from  R  to  Ri 

Wmax. 

D,  distance  a 

Dj,  distance-Tj — a 


"  2 

Wx 
"    2 

Wa 
■     2 

.2fS 
a 

Wa(3aJ-4aa) 
12  EI 

Wa(l-2a)2 

TeEl 


XVI.     BEAM  CONTINUOUS  OVER  TWO  SUPPORTS — Uniformly  distributed  load 

-K.max.  shear  Wa  or  W(^^a) 

_W(xg-lx+al) 
2l 


R    =    Ri 


M,  distance  X  =  "  '^-  ;;  '  ""   o,   ifx=i±^li!^) 


MiatRandRi=^-^  - 

Mo  at  center  = — -g — 
21fS 


W]  max.  =- 


W2  max.  = 
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max.  if  a  >  uVj^-H) 
max.  if  a  <  1(  ^3^-3^) 
max.  if  a  >  1(VM-}4) 
max.ifa<l(Vj^H) 
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SAFE  LOADS  FOR  SECTIONS  USED  AS  BEAMS 

EXPLANATION  OF  TABLES 

The  tables  of  safe  loads  for  structural  and  supplementary  beams, 
H-beama,  cross  tie  sections  and  channels,  used  as  beams  under 
conditions  of  transverse  loading,  give  the  uniformly  distributed 
safe  loads  in  thousands  of  pounds  for  spans  customary  in  bridge 
and  building  construction  based  upon  an  extreme  fiber  stress  of 
16.000  pounds  per  square  inch.  The  tables  of  safe  loads  for  angles, 
tees  and  zees  give  the  values  at  the  same  fiber  stress  on  spans  of  one 
foot  from  which  the  safe  load  for  any  span  length  may  be  obtained 
by  direct  division  and  also  the  values  for  those  spans  at  which  the 
allowed  safe  load  will  produce  a  deflection  of  ^?^6o  of  the  span  length. 
The  loads  in  all  cases  include  the  weight  of  the  section,  which  should 
be  deducted  in  order  to  arrive  at  the  net  load  which  the  section  will 
support. 

In  addition  to  these  usual  tables  of  safe  loads,  there  follow,  on 
the  same  basis,  tables  of  the  allowable  uniform  load  in  pounds  per 
foot  on  beams  and  channels  for  various  span  lengths,  v.'hich  may  be 
used  in  proportioning  the  floor  systems  of  buildings.  The  choice 
between  various  weights  and  depths  of  sections  for  any  given  span 
or  any  uniform  load  per  running  foot  may  be  made  on  inspection. 

It  is  assumed  in  all  cases  that  the  loads  are  applied  normal  to 
the  axix  1-1  as  shown  in  the  tables  of  elements  of  sections,  and  that 
the  beam  deflects  vertically  in  the  plane  of  bending  only.  If  the 
conditions  of  loading  involve  the  introduction  of  forces  outside  this 
plane  of  loading,  the  allowable  safe  loads  must  be  determined  from 
the  general  theory  of  flexure  in  accordance  with  the  mode  of  appli- 
cation of  the  load  and  its  character.  This  applies  particularly  to 
unsymmetrical  sections,  such  as  zee  bars  and  angles,  which  should 
be  used  only  under  those  conditions  of  loading  where  the  section 
can  deflect  vertically  only,  being  rigidly  secured  against  lateral 
deflection  or  twisting  throughout  the  entire  span.  In  all  such 
cases  of  eccentric  loading,  the  actual  safe  loads  would  be  considerably 
lower  than  the  tabulated  safe  loads  which  have  been  based  upon 
the  most  favorable  conditions  of  loading. 

Vertical  Deflection  of  Beams.  In  the  case  of  beams  intended  to  carry 
plastered  ceilings,  experience  indicates  that  the  vertical  deflection 
to  avoid  cracking  the  plaster  should  be  limited  to  not  more  than 
Mieo  of  the  span  length.  This  span  limit  for  steel  beams  is  approxi- 
mately in  feet  twice  the  depth  in  inches  and  is  indicated  in  the 
tables  by  the  lower  zigzag  line.     Beams  intended  for  such  purposes 
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should  not  be  used   for  greater  spans  unless  the  allowable  tabular 

safe  loads  exceeds  the  actual  load  to  be  supported.     As  the  dead 

load  of  the  floor  is  supported  by  the  beams  before  the  plaster  is 

applied,  only  the  deflection  due  to  the  live  load  really  needs  to  be 

considered. 

The  coefficients  given  below  may  be  used  to  obtain  the  deflection, 

in  inches,  of  sections  subjected  to  transverse  stresses  due  to  uniformly 

distributed  loads  at  various  fiber  stresses  and  are  based  upon  the 

following  formulas,  using  the  notation  given  on  page  183, 

T^                 »»  1             — 1 -rm 

8fl        _        8f  12         15fL2  ^  1 

Deflectiou,    ij — 76.8EI'  ""'^^  "' — 

...                 d    ^     30fL2,,l          Coefficient 
For  symmetrical  sections,  n— 2,  D_    jg    ^^—  ^^^^-^  ^  inches 

Coefficients  of  Deflection  Uniformly  Distributed  Loads 

Span, 
Feet 

Fibre  Stress,  Pounds  per  Square  Inch 

Span, 
Feet 

Fibre  Stress,  Pounds  per  Square  Inch  . 

16000 

14000        12500 

16000        14000        12500 

1                   1 
1              0.017        0.014         0.013 

26 

11.189 

9.790         8.741 

2               0.066         0.058         0.052 

27 

12.066 

10.558         9.427 

3              0.149        0.130         0.116 

28 

12.977 

11.354       10.138 

4              0.265        0.232         0.207 

29 

13.920 

12.180       10.875 

5              0.414        0.362         0.323     ;        30 

14.897 

13.034    1    11.638 

6        '      0.596        0.521     '    0.466     '        31 

15.906    '    13.918    '    12.427 

7               0.811    :     0.710          0.634              32 

16.949       14.830       13.241 

8              1.059 

0.927     1     0.828              33         j    18.025        15.772        14.082       | 

9        !      1.341 

1.173         1.047             34        1    19.134 

16.742       14.948 

10              1.655 

1.448         1.293      1        35        1    20.276 

17.741       15.841 

1 

11              2.003        1.752         1.565      '        36        '    21.451 

18.770    '    16.759 

12        i      2.383        2.086         1.862 

37            22.659 

19.827       17.703 

13               2.797         2.448     ,     2.185 

38            23.901 

20.913    .    18.672 

14         1      3.244         2.839     ;     2.534 

39 

25.175 

22.028    !    19.668 

15        j      3.724        3.259         2.909 

40 

26.483 

23.172       20.690 

16        '      4.237    j    3.708         3.310      '        41        !    27.823    '   24.346    '   21.737 

17         i      4.783         4.186          3.737      ,         42             29.197    |    25.548    |    22.810 

18               5.363    '     4.692          4.190              43 

30.604       26.779    \   23.909 

19               5.975    1     5.228          4.668     |         44 

32.044    1   28.039       25.034 

20               6.621         5.793          5.172      i        45 

33.517       29.328       26.185 

21        '      7.299        6.387         5.703             46            35.023       30.646       27.362       | 

22               8.011         7.010          6.259              47 

36.562       31.992    •   28.565 

23              8.756        7.661         6.841              48 

38.135       33.368       29.793 

24               9.534         8.342          7.448              49 

39.741       34.773       31.047 

25            10.345    j    9.052         8.082     ii        50 

1                     :                     !| 

41.379       36.207       32.328 

To  find  the  deflection  in  inches  of  a  section  symmetrical  about 

the  neutral  axis,   such  as  beams,   channels,   zees,   etc.,   divide  the 

coefficient  in  the  table  corresponding  to  given  span  and  fiber  stress 

by  the  depth  of  the  section  in  inches. 
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To  find  the  deflection  in  inches  of  a  section  not  symmetrical 
about  the  neutral  axis,  such  as  angles,  tees,  etc.,  divide  the  coeffi- 
cient corresponding  to  given  span  and  fiber  stress  by  twice  the 
distance  of  extreme  fiber  from  neutral  axis  obtained  from  table  of 
elements  of  sections,  pages  152  to  172,  inclusive. 

To  find  the  deflection  in  inches  of  a  section  for  any  other  fiber 
stress  than  those  given,  multiply  this  fiber  stress  bj^  any  of  the 
coefficients  in  the  table  for  the  given  span  and  divide  by  the  fiber 
stress  corresponding  to  the  coefficient  used. 

Lateral  Deflection  of  Beams.  The  tabular  Safe  loads  are  based  on  the 
assumption  that  the  compression  flanges  of  the  various  sections  are 
secured  against  lateral  deflection  by  the  use  of  tie  rods  or  by  other 
means  at  proper  intervals.  According  to  the  Construction  Specifi- 
cations, page  138,  the  lateral  unbraced  length  of  beams  and 
girders  should  not  exceed  forty  times  the  width  of  the  compression 
flanges.  When  the  unbraced  length  exceeds  ten  times  the 
width,  the  tabular  safe  loads  should  be  reduced  in  accordance  with 
the  ratios  given  in  the  following  table  in  order  to  insure  that  the 
stresses  in  the  compression  flanges  should  not  exceed  the  allowed 
safe  unit  stress: — 


Length  of  Span 


.^"J""!?^™         Allowable  Safe  Load  t  ™^"i!"!?'^„„„  Allowable  Safe  Load 


Length  of  Span 


5  X  flange  width 
10  X 
15  X 
20  X 


Full  tabular  load      '  25  x  flange  width 

"  I  30x 
90.6%  tabular  load  35  X 
81.2%       "  •'       40  X 


71.9%  tabular  load 

62.5% 

53.1% 

43.8% 


In  addition  to  this  lateral  deflection  which  is  induced  within 
the  beam  bj-  the  action  of  pure  bending  stresses,  lateral  deflection 
may  be  induced  bj'  the  thrust  of  floor  arches  or  other  loading  acting 
on  an  axis  perpendicular  to  the  line  of  principal  bending  stress. 
The  thrust  of  these  arches  should  either  be  neutralized  by  tie  rods, 
or  the  safe  carrj'ing  capacity  of  the  beam  should  be  computed  in 
accordance  with  the  general  formulas  of  flexure  to  provide  for  the 
combined  stresses  due  to  the  action  of  both  vertical  and  horizontal 
forces;  that  is  to  say,  the  safe  loads  should  be  figured  around  both 
the  axes  1-1  and  2-2,  and  the  unit  stress  computed  so  as  not  to 
exceed  16,000  pounds  per  square  inch. 

EETect  of  Impact  on  Stresses.  Thcformulasupon  which  the  tables  of  safe 
loads  are  based  assume  all  loads  to  be  quiescent  or  static.  The  eff'ect 
of  moving  loads  may  be  taken  care  of  either  by  reducing  the  allowable 
unit  stresses,  or  else  by  increasing  the  theoretical  loads.  See 
Construction  Specifications,  page  136,  paragraph  2. 

191 


CARNEGIE    STEEL    COMPANY 


When  the  load  is  suddenly  applied,  the  resultant  stresses  are  greater 
than  those  due  to  an  equal  static  load.  When  the  load  is  instan- 
taneously applied,  the  resultant  stresses  are  double. 

When  an  instantaneously  applied  load  produces  impact  or  percus- 
sion, the  resultant  stresses  are  dynamic  and  are  measured  by  the  laws 
governing  the  energy  of  bodies  in  motion.  The  following  empirical 
formulas  may  be  used  to  ascertain  the  approximate  fiber  stress  and 
deflection  due  to  a  load  falling  on  the  center  of  a  beam  supported  at 
both  ends,  when  no  account  is  taken  of  the  distortion  due  to  the 
impact  or  percussion  at  the  point  of  application  of  the  load: — Let 

W  =Weight  of  load,  in  pounds. 

Wi=Weight  of  beam,  in  pounds. 

h    ^Height  of  fall,  in  inches. 

f  =Extreme  fiber  stress  due  to  static  load,  W+Wi,  in  pounds  per 
square  inch. 

fd  ^Extreme  fiber  stress  due  to  dynamic  load,  W,  in  pounds  per 
square  inch. 

D  =Deflection  due  to  static  load,  W-|-Wi,  in  inches. 

Dd  ^Deflection  due  to  dynamic  load,  W,  in  inches. 

35   W  ry., 

""  =35W+17Wi'  ^^^° 


fd  =f  (1  +  ^2mh_^_  1  )  ^^^  Dd=D+  ^2mhD  +  D2 

Shearing  Stresses.  The  safe  load  tables  for  beams  and  channels  are 
computed  solely  with  reference  to  safe  unit  stresses  due  to  flexure, 
and  the  safe  loads  uniformly  distributed  on  the  spans  given  will  not 
produce  average  shearing  stresses  in  the  web  greater  than  the 
10,000  pounds  per  square  inch  allowed  by  the  Construction  Specifi- 
cations. When,  however,  beams  are  loaded  with  heavy  loads 
concentrated  near  the  supports,  or  when  beams  of  short  span  are 
loaded  with  uniformly  distributed  loads  to  their  full  carrying 
capacity  as  regards  flexure,  the  bending  moments  may  be  small  in 
comparison  with  the  reactions  at  the  supports,  and  the  beams  may 
fail  along  the  neutral  plane  as  a  result  of  longitudinal  shearing 
stresses,  or  may  buckle  as  a  result  of  the  combined  longitudinal 
and  vertical  web  stresses.  On  such  spans  the  safe  shearing  or 
buckling  strength  of  the  web  may  limit  the  carrying  capacity  of 
the  beam  rather  than  the  resistance  of  the  flanges  to  bending 
stresses. 

Longitudinal  Shear.  At  any  point  in  any  section  of  a  beam,  the 
horizontal  and  vertical  components  of  the  web  stress  are  equal  to  each 
other  and  proportional   to   the   vertical   shear ;   their   intensities  are 
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dependent  upon  the  distance  of  the  point  from  the  neutral  axis.  In 
order  to  determine  the  intensity  of  the  vertical  shearing  stress  at 
a  given  point  in  a  vertical  section  of  the  beam,  therefore,  it  is 
sufficient  to  find  the  equal  intensity  of  the  horizontal  shearing 
stress  at  the  same  point  in  the  horizontal  plane. 

The  longitudinal  unit  shear  is  zero  at  the  upper  and  lower  flanges 
of  the  beam  and  a  maximum  at  the  neutral  plane.  It  is  greatest 
at  the  supports  and  zero  where  there  is  no  vertical  shear. 

The  intensity  of  the  longitudinal  shear  at  any  point  in  any  section 
is  the  product  of  the  vertical  shear,  V,  for  that  section  and  the 
statical  moment,  Ms  of  the  section  included  between  the  horizontal 
plane  of  shear  through  that  point  and  the  extreme  fibers  on  the  same 
side  of  the  neutral  plane  divided  by  the  product  of  the  moment  of 
inertia  of  the  beam  around  the  proper  axis  and  the  thickness  at  the 
plane  of  shear;  or 

Longitudinal  shear  per  square  inch=    ,    t^- 

Example — Required  the  maximum  longitudinal 

shear  per  square  inch  in  a  24"  79.9  lb.  beam  loaded 

with    two    symmetrical    loads    of   100,000    poimds 

each,  disregarding  tlie  weight  of  the  beam. 

Ms  of  Flange  Rcctangle=7x.60xl  1.7  =  49.14 

Ms  of  Flange  Triangles  =3 .25x.542xl  1 .219^  19.76 

MsofWeb  =11.40x.50x5.70     =32.49 


g.k  r'^ 

J  :  CO' 

•-il  o 

^50" 

Neutral  axis 

cA 

Plane  of  shear 

Total  Static  Moment  101.39 

Moment  of  Inertia  of  Beam  1=2087.2 

Longitudinal  Shear=ll^^|^^ 

=9715  pounds  per  square  inch. 

Under  usual  conditions  of  loading,  the  vertical  shear  need  not  be 
taken  into  consideration. 

Buckling  Values  of  Beam  Webs.  The  vertical  shearing  stresses  or  the 
vertical  compressive  components  of  the  web  stress  may  under  some 
conditions  exceed  the  safe  resistance  of  the  beam  to  buckling,  and 
there  remains  the  possibility  that  a  web  or  web  plate  which  is  amply 
secure  as  against  the  safe  allowed  shear  of  10,000  pounds  per  square 
inch  will  not  be  of  sufficient  strength  when  considered  as  a  column. 
In  such  cases  provision  must  be  made  for  security  against  buckling 
either  in  the  way  of  stiffeners  or  by  increasing  the  thickness  of  the 
web  or  web  plate. 

A  series  of  experiments  have  been  carried  out  on  beams  of  various 
depths  and  web  thicknesses  to  arrive  at  a  basis  for  a  simpler  method 
of   computation  to  use   in   the   investigation   of  the   safe   buckling 
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resistance  of  beams  with  unsupported  webs,   and  from   these   experi- 
ments the  following  formulas  have  been  deduced: 

ilillillllj       Safe  end  reaction     R=    fb  x  t  (a    +^) 


Safe  interior  load     W=2  fb  x  t  (a^  -f-j) 


Tl 

Uj 

In  these  formulas  R  is  the  end  reaction,  W  the  concentrated  load, 
t  the  web  thickness,  d  the  depth  of  the  beam,  a^^  half  the  distance 
over  which  the  concentrated  load  is  applied  and  a  the  whole 
distance  over  which  the  end  reaction  is  applied,  while  fb  is  the  safe 
resistance  of  the  web  to  buckling  in  pounds  per  square  inch  by  the 
formula  19000—100  d/2r  (d/2=l  in  column  formula).> 

The  first  formula  is  general  and  applies  to  any  condition  of 
loading.  The  second  formula  covers  the  case  of  a  single  load 
concentrated  at  the  center  of  a  span;  it  can  be  extended  to  cover  a 
system  of  concentrated  loads  provided  the  sum  of  the  distances  a^  is 
not  less  than  a. 

The  tables  which  immediately  follow  give  for  beams  and  channels 
with  unsupported  webs; 

1.  Allowed  web  resistance  fb,  in  pounds  per  square  inch  com- 
puted from  this  compression  formula. 

2.  The  distance  a,  or  the  distance  over  which  the  end  reaction 
must  be  distributed  when  the  shearing  stress,  V,  in  the  web  is  the 
maximum  allowable  of  10,000  pounds  per  square  inch. 

3.  The  allowable  end  reaction  (R)  when  a  is  taken  at  33^" 
which  is  the  usual  length  of  beam  actually  resting  on  the  4"  angles 
ordinarily  used  in  building  construction  for  beam  seats. 

4.  The  allowable  shear  V,  on  the  gross  area  of  beam  or  channel 
webs  at  10,000  pounds  per  square  inch. 

In  addition  to  these  data  which  have  to  do  with  the  maximum 
loads  on  beams  and  channels  as  computed  from  the  web  resistance, 
these  tables  also  give  the  maximum  bending  moments  in  foot 
pounds,  obtained  by  the  multiplication  of  the  section  modulus  of 
each  section  by  the  allowed  fiber  stress  of  16,000  pounds  and  the 
division  of  the  product  by  12  in  order  to  reduce  to  a  foot  pound 
basis.  These  maximum  bending  moments  may  be  used  on  inspec- 
tion instead  of  the  table  of  properties  to  ascertain  the  proper  size 
section  to  be  used  in  any  particular  instance. 
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Examples  of  the  Use  of  Beam  Safe  Load  Tables 

Example  1.  Direct  Bending.  Required  the  proper  size  of  a  beam  laterally 
braced  to  support  a  superimposed  or  net  load  of  30,000  pounds  uniformly 
distributed  over  a  clear  span  of  20  feet. 

From  the  table  of  safe  loads,  page  201,  it  is  found  that  a  15  inch  42.9  pound 
beam  will  support  a  gross  load  of  31,400  pounds.  The  weight  of  a  beam  20 
feet  long  is  S58  pounds.  The  net  safe  load  is,  therefore,  31,400  —  858  =  30,542 
pounds.     A  15  inch  42 .9  pound  beam  will,  therefore,  carry  the  net  load  specified. 

Example  2.  Shear.  Required  the  maximum  load  which  a  20  inch  85 
pound  beam  can  support  without  exceeding  the  safe  web  resistance  of  the 
section. 

From  the  table,  page  200,  the  maximum  load  for  this  section  given  in  small 
figures  above  the  upper  zigzag  line  is  found  to  be  265,200  pounds. 

Example  3.  Vertical  Deflection.  Required  the  proper  size  and  the 
deflection  of  a  channel  supporting  a  net  load  of  10,000  pounds  concentrated  in 
the  middle  of  a  14-foot  span,  assuming  that  the  channel  is  braced  against 
lateral  deflection. 

The  specified  load  is  equivalent  on  the  given  span  to  a  uniformly  distributed 
load  of  2  X  10,000  =  20,000  pounds. 

In  the  table,  page  209,  it  is  found  that  a  12  inch  30  pound  channel  will 
support  a  gross  load  of  20,500  pouncfs  or  a  net  load  of  20,500— 14  x  30  =  20,080 
pounds.  The  net  safe  load  concentrated  at  the  middle  of  the  span  will  be 
one-half  this  or  10,040  pounds. 

The  deflection  produced  by  a  uniformly  distributed  load  of  20,500  pounds 
is  found   from  the  coefficient  given    in    the    same    table    and   page  190   to 

3  24 

be  :^J2- =  0-270".     The  deflection  for  the  specified  load   concentrated  in    the 

middle  of  the  span  is  approximately  yi=Z>L5 — =0.216". 

See  page  184. 

Example  4.  Vertical  Deflection.  Required  the  deflection  of  a  riveted 
girder  37  Inches  deep  for  a  span  of  35  feet  and  a  fiber  stress  of  14,000  pounds  per 
square  inch. 

Required  deflection,  see  table,  page  190,= — ^ —  =  0.479". 

Example  5.  Vertical  Deflection.  Required  the  defiection  of  an  angle 
6  X  4  X  'An"  about  an  axis  parallel  to  the  short  leg  for  a  span  of  14  feet  and  a 
fiber  stress  of  16,000  pounds. 

Required  deflection,  see  table,  pages  190  and  191,  is  ox  (6  —  1  Q6)=0-401". 

Example  6.  Vertical  Deflection.  Required  the  deflection  of  a  10  inch 
beam  for  a  span  of  18  feet  with  a  fiber  stress  of  11,000  pounds. 

Required  deflection,  see  table,  pages  190  and  191,=  Jq^qq  j^^^  =  0.369". 

Example  7.     Lateral  Deflection.     Required  the  safe  load  on  a  12  inch  31.8 
pound  beam  for  a  span  of  16  feet  without  any  lateral  support  or  bracing. 
Tabular  load,  page  202,  =  24,000  pounds. 
Raji„_I^igthofspan_  ^  16  x  12^ 

Flange  width  5 

Reduced  safe  load,  page  191.  24,000x0.468=11,232  pounds. 
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CARNEGIE    STEEL    COMPANY 


BEAMS 

Maximum  Bending  Moments  and 

Web  Resistance 

Mmax 

d 

t 

V 

fb 

a. 

R 

Maximum 
Bending 
Moment 

Depth 

of 
Beam 

Weight 
per 
Foot 

Thicioiess 

of 

Web 

Allowable 
Web 
Shear 

Allowable 
Buckling 
Resistance 

Min. 

End 

Bearing 

End 
Reaction 
a=3M" 

Foot 
Pounds 

Inches 

Pounds 

Inches 

Pounds 

Pounds 
per  Sq.  In. 

Inches 

Pounds 

292130 

27 

90.0 

.524 

141480 

10080 

20.0 

54140 

328390 

115.0 

.737 

180000 

13460 

11.8 

95880 

320390 

110.0 

.675 

165120 

12960 

12.5 

84690 

312390 

105.9 

.625 

150000 

12350 

13.4 

73320 

264400 

100.0 

.747 

180960 

13490 

11.8 

96620 

256560 

24 

95.0 

.686 

166320 

13000 

12.5 

85610 

248710 

90.0 

.624 

151440 

12410 

13.3 

74410 

240870 

85.0 

.563 

136800 

11710 

14.5 

6341Q 

231920 

79.9 

.500 

120000 

10690 

16.5 

50780 

216670 

74.2 

.476 

114240 

10260 

17.4 

46400 

156930 

21 

60.4 

.428 

89880 

10500 

14.8 

39320 

220750 

100.0 

.873 

176800 

15080 

8.3 

113320 

214210 

95.0 

.800 

162000 

14720 

8.6 

101370 

207680 

90.0 

.726 

147400 

14300 

9.0 

89590 

201140 

20 

85.0 

.653 

132600 

13780 

9.5 

77630 

195510 

81.4 

.600 

120000 

13230 

10.1 

67460 

169170 

75.0 

.641 

129800 

13660 

9.6 

75380 

162640 

70.0 

.567 

115000 

12980 

10.4 

63420 

155930 

65.4 

.500 

100000 

12080 

11.6 

51320 

186720 

90.0 

.796 

145260 

15140 

7.4 

97730 

180840 

85.0 

.714 

130500 

14700 

7.7 

85260 

174960 

80.0 

.632 

115920 

14160 

8.2 

72940 

169080 

75.6 

.560 

101160 

13450 

8.9 

60480 

136480 

18 

70.0 

.711 

129420 

14670 

7.8 

84350 

130590 

65.0 

.629 

114660 

14110 

8.3 

71890 

124710 

60.0 

.547 

99900 

13380 

9.0 

59420 

117860 

55.0 

.460 

82800 

12220 

10.2 

44980 

109200 

48.2 

.380 

68400 

10800 

12.2 

32830 

122890 

75.0 

.868 

132300 

16050 

5.6 

102660 

117980 

70.0 

.770 

117600 

15690 

5.8 

89160 

113080 

65.0 

.672 

102900 

15210 

6.1 

75650 

108270 

60.8 

.590 

88500 

14600 

6.5 

62440 

90850 

15 

55.0 

.648  , 

98400 

15040 

6.2 

71530 

85940 

50.0 

.550 

83700 

14340 

6.7 

58020 

81040 

45.0 

.452 

69000 

13350 

7.5 

44520 

78530 

42.9 

.410 

61500 

12670 

8.1 

37660 

72130 

37.3 

.332 

49800 

11180 

9.7 

26910 
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BEAMS 

MAxmtJM  Bending  Moments  and 

Web  Resistances 

Mmaz 

d 

t 

V 

fb 

a 

R 

Maximum 
Bending 
Moment 

Depth 

of 
Be&m 

Weight 
Foot 

Thickness 

of 

Web 

Allowable 
Web 
Shear 

Allowable 
Buckling 
Resistance 

Min. 

End 

Bearing 

End 
Reaction 
a=3J4" 

Foot 
Pounds 

Inches 

Pounds 

Inches 

Poimds 

Pounds 
per  Sq.  In. 

Inches 

Pounds 

71330 

55.0 

.810 

98520 

16470 

4.3 

87890 

67410 

50.0 

.687 

83880 

16030 

4.5 

72830 

63490 

45.0 

.565 

69120 

15390 

4.8 

57620 

59770 

12 

40.8 

.460 

55200 

14480 

5.3 

43300 

50730 

35.0 

.428 

52320 

14230 

5.4 

40330 

47960 

31.8 

.350 

42000 

13060 

6.2 

29710 

44270 

27.9 

.284 

34080 

11680 

7.3 

21560 

42320 

40.0 

.741 

74900 

16690 

3.5 

75010 

39050 

35.0 

.594 

60200 

16120 

3.7 

58220 

35780 

10 

30.0 

.447 

45500 

15190 

4.1 

41470 

32560 

25.4 

.310 

31000 

13410 

5.0 

24940 

30270 

22.4 

.252 

25200 

12130 

5.7 

18340 

33120 

35.0 

.724 

65880 

16870 

3.1 

71010 

30180 

9 

30.0 

.561 

51210 

16260 

3.3 

53200 

27240 

25.0 

.397 

36540 

15160 

3.7 

35390 

25160 

21.8 

.290 

26100 

13620 

4.4 

22710 

22810 

25.5 

.532 

43280 

16440 

2.9 

48920 

21500 

23.0 

.441 

35920 

15910 

3.0 

39290 

20190 

8 

20.5 

.349 

28560 

15120 

3.3 

29690 

18960 

18.4 

.270 

21600 

13870 

3.8 

20600 

19470 

17.5 

.220 

17600 

12700 

4r.3 

15370 

16070 

20.0 

.450 

32060 

16350 

2.5 

39310 

14930 

7 

17.5 

.345 

24710 

15570 

2.7 

28850 

13800 

15.3 

.250 

17500 

14150 

3.2 

18580 

11640 

17.25 

.465 

28500 

16810 

2.1 

39930 

10660 

6 

14.75 

.343 

21120 

16050 

2.2 

28250 

9680 

12.5 

.230 

13800 

14480 

2.6 

16650 

8080 

14.75 

.494 

25200 

17280 

1.6 

41370 

7260 

5 

12.25 

.347 

178.50 

16580 

1.8 

28120 

6450 

10.0 

.210 

10500 

14870 

2.1 

14830 

4760 

10.5 

.400 

16400 

17310 

1.3 

31940 

4500 

4 

9.5 

.326 

13480 

16940 

1.4 

25690 

4240 

8.5 

.253 

10520 

16360 

1.4 

19360 

3980 

7.7 

.190 

7600 

15360 

1.6 

13130 

2590 

7.5 

.349 

10830 

17560 

1.0 

26940 

2390 

3 

6.5 

.251 

7890 

17020 

1.0 

19020 

2210 

5.7 

.170 

5100 

15950 

1.1 

11530 
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CHANNELS 

Maximum  Bending  Moments  and 

Web  Resistances 

Mmax 

d 

t 

V 

fb 

a 

R 

Maximum 
Bending 
Moment 

Depth 

of 
Channel 

Weight 
Foot 

Thickness 

of 

Web 

Allowable 
Web 
Shear 

Allowable 
BuokUng 
Resistance 

Min. 

End 

Bearing 

End 
Reaction 
a=3J4" 

Foot 
Pounds 

Inches 

Pounds 

Inches 

Pounds 

Pounds 
per  Sq.  In. 

Inches 

Pounds 

76490 
71590 
66680 
61780 
56880 
55570 

15 

55.0 
50.0 
45.0 
40.0 
35.0 
33.9 

.814 
.716 
.618 
.520 
.422 
.400 

122700 
108000 
93300 
78600 
63900 
60000 

15820 
15390 
14820 
14040 
12900 
12510 

5.7 
6.0 
6.4 
6.9 
7.9 
8.2 

93830 
80350 
66840 
53350 
39850 
36270 

64360 
60110 
55870 
63320 
51620 
48740 

13 

50.0 
45.0 
40.0 
37.0 
35.0 
31.8 

.787 
.673 
.560 
.492 
.447 
.375 

102830 

88140 
73450 
64610 
58760 
48750 

16150 
15680 
15020 
14470 
14020 
13000 

4.8 
5.0 
5.4 
5.7 
6.0 
6.8 

86250 
71760 
57260 
48540 
42270 
32900 

43760 
39840 
35920 
32000 

28470 

12 

40.0 
35.0 
30.0 
25.0 
20.7 

.755 
.632 
.510 
.387 
.280 

90960 
76320 
61560 
46800 
33600 

16260 
15730 
14950 
13670 
11570 

4.4 
4.6 
5.0 
5.8 
7.4 

80090 
65040 
49850 
34660 
21060 

30800 
27530 
24260 
20990 

17840 

10 

35.0 
30.0 
25.0 
20.0 
15.3 

.820 
.673 
.526 
.379 
.240 

82300 
67600 
52900 
38200 
24000 

16900 
16440 
15730 
14470 
11780 

3.4 
3.6 
3.9 

4.4 
6.0 

83430 
66670 
49910 
33160 
16970 

20950 
18010 
15070 
14020 

9 

25.0 
20.0 
15.0 
13.4 

.612 

.448 
.285 
.230 

55350 
40680 
25920 
20700 

16470 
15550 
13590 
12220 

3.2 
3.5 

4.4 
5.1 

58220 
40420 
22500 
16170 

15920 
14610 
13310 
12000 
10770 

8 

21.25 
18.75 
16.25 
13.75 
11.5 

.579 
.487 
.395 
.303 
.220 

46560 
39200 
31920 
24560 
17600 

16620 
18170 
15530 
14490 
12700 

2.8 
2.9 
3.2 
3.5 
4.3 

53200 
43580 
34070 
24460 
15370 

12640 

11490 

10350 

9210 

8030 

7 

19.75 
17.25 
14.75 
12.25 
9.8 

.629 
.524 
.419 
.314 
.210 

44310 
36960 
29610 
22260 
14700 

17090 
16700 
16130 
15190 
13230 

2.3 
2.4 
2.6 
2.9 
3.5 

56780 
46300 
35830 
25360 
14580 

8680 
7700 
6720 
5780 

6 

15.5 
13.0 
10.5 

8.2 

.559 
.437 
.314 
.200 

33780 
26400 
19080 
12000 

17150 
16640 
15730 
13810 

2.0 
2.1 
2.3 
2.8 

48280 
36610 
25010 
13810 

5550 
4730 
3960 

5 

11.5 
9.0 
6.7 

.472 
.325 
.190 

23850 

16500 

9500 

17180 
16380 
14450 

1.7 
1.8 
2.2 

38920 
26670 
13040 

3050 
2790 
2530 

4 

7.25 
6.25 
5.4 

.320 
.247 
.180 

13000 

10080 

7200 

16870 
16250 
15150 

1.4 
1.5 
1.6 

24670 
18430 
12270 

1840 
1640 
1450 

3 

6.0 
5.0 
4.1 

.356 
.258 
.170 

10860 
7920 
5100 

17560 
17030 
15940 

1.0 
1.0 
1.1 

27020 
19110 
11520 
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BEAM    SAFE    LOADS 


BEAMS 

Allowable  Uniform  Load  in  Thousands  of  Pounds 
Maximum  Bending  Stress,  16,000  Poimds  per  Square  Inch 


Feet 


21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 
32 
33 
34 
35 

36 
37 
38 
39 
40 

41 
42 
.43 
44 
45 

46 
47 
48 
49 
50 


Depth  and  Weight  of  Sections 


27  In. 


24  Inch 


90 


115 
lbs. 


110 
lbs. 


105.9 
lbs. 


361.9 


95 
lbs. 


90 

lbs. 


352.51    832.6 


85 


302.2  293.2  284.2  273.6 
300.0  !264.4  256.6i248.7  240.9 
277.7  235.0  228.0  221.1  214.1 
249.9  211.5  205.2  199.0  192.7 


79.9 


227.2  192 

208.3  176 
192.2  162 

178.5  151 

166.6  141 


.3  186.6 
.3  171.0 

157.91 
.1  146.61 
.0  136.8 

I 
.2  128.3 
.4  120.7 
.5  114.0 
.3  108.0 
.8  102.6 


180.9175.2 
165.8  160.6 
153.1  148.2 
142.11137.6 
132.6128.5 
I 

124.4  120.4 
117.0113.4 

110.5  107.1 
104.7  101.4 

99.5    96.3 


111.1  125.1  122.1  119.0  100.7 


106.1  119.4  116.5  113.6 
101.5  114.2  111.4  108.7 

97.3  109.5  106.8  104.1 

93.4  105.1  102.5  100.0 


89.8  101.0 
86.4     97.3 

83.4  93.8 

80.5  90.6 
77.8    87.6 


98.6 
94.9 
91.5 
88.4 
85.4 


96.1 
92.6 
89.3 
86.2 
83.3 


75.3 
72.9 
70.7 
68.6 
66.7 

64.8 
63.1 
61.4 
59.8 
58.4 

56.9 
55.6 
54.3 
53.0 
51.9 
50.7'' 
49.7 
48.6 
47.61 
46.71 


84.7 
82.1 
79.6 
77.3 
75.1, 

73.0 
71.0 
69.1 
67.4 
65.7 

64.1 
62.6 
61.1 
59.7 
58.4  J 
57.1 ' 
55.9 
54.7 
"58.6  '  I 
62.6   I 


82.7  80.6 

80.1  78.1 
77.71  75.7 
75.4  73.5 

73.2  71.4, 


71.21 
69 .3 1 
67.51 
65.7' 

64.11 

62.5 


69.4 
67.5 
65.8 
64.1 
62.5^ 

61.o! 
61.01  59.5 
59.6    58.1, 


97.7; 
93.31 

89.21 
85 .6  i 

82.11 

78.9| 
76.01 
73.3 
70.8 
68.4 

66.2 
64.1 
62.2 
60.4 
58.6 

58.8'  57.0 

57.2  55.5' 

55.7  54.0 

54.2  52.6 

52.9j  51.3 

51.6  50.1 
50.4  48.91 
49.2    47.71 


96.1 
92.0 

88.1' 
84.6 

81 .4 1 
78.3 
75.5 
72.9' 
70.5, 

68.2 
66.1 
64.1 
62.2 
60.4 


94.7 
90.4 
86.51 
82.9 
79.6i 


231.9 
206.1 
185.5 

168.7 
1.54.6 
142.7 
132.5 
123.7 

116.0 

109.1 

103.1 

97.6 

92.8 

91.8'  88.3 

87.6  i  84.3 

83.8:  80.7 

80.3  77.3 

77.11  74.2 


74.2 
lbs. 


2m77 
192.6 
173.3 


21  In. 


60.4 
lbs. 


179.8 


179.3 
156.91 
139.5, 
125.5 


157.6  114.1 
144.5  104.6 
133.3  96.5 
123.81  89.7 
115.6!    83.7 


76.51  74.1 1  71.4 
73.7  71.4  68.7 
71.1  68.8  66.3 
68.6  66.4  64.0 
66.3    64.2    61.8 


64.2    62.2 

62.2  60.2 

60.3  58.4 


58.5 
56.8 

55.3 
53.8 
52.4 


56.7 
55.1 

53.5 1 
52.1 
50.7 


58.3 
57.0 

55.7 
54.1 
53.4 

6-^3'i 


56.8 
55.5 

54.3' 
.53.2 
52.1 
■fiLo'  I 


48.1 
47.0 

46.0 
45.0 
44.1 
«.2' 


46.6 
45.6 

44.6 
43.7 
42.8 
"4i.9'  I 


51.0 

49.4 

49.7 

48.2 

48.5 

47.0 

47.4 

45.9 

46.3 

44.8 

45.2 

43.8 

44.2 

42.8 

43.3  41.9 
42.3  41.0 
41.5  40.1 
4o'.6 "  I  "sii.-i"  1 


ei.8    I    60.0    I    42.8    I    41.0 


59.8 
58.0 
56.2 
54.6 
53.0 

51.5 
50.1 

48.8 
47.6 
46.4 1 

45.3 

44.21 
43.1 

42.2! 
41.2 

40.3 
39.5 
38.7 
■37!9"" 
37.1 


108.3' 

102.0 

96.3 

91.2 

86.7} 

82.5' 
78.8 
75.4 
72.2 
69.3 

66.7 
64.2 
61.9 
59.8 
57.8 

55.9! 

54.2 

52.5 

51.0 

49.5 

48.2 
46.8 
45.6 
44.4 
43.3 

42.3! 
41.3 
40.3  I 
39.4 
38.5 

37.7 
36.9 
36.1 

84.7 


78.4 
73.8 
69.7 
66.1 
62.8 

59.8 
57.1 
54.6 
52.3 
50.2 

48.3 
46.5 
44.8 
43.3 
41.8 

40.5 
39.2 
38.0 
36.9 
35.9 

34.9 
33.9 
33.0 
32.2 
31.4 

30.6 ' 
29.9 


38.5 


0.60 
0.81 
1.06 
1.34 
1.66 

2.00 
2.38 
2.80 
3.24 
3.72 

4.24 
4.78 
5.36 
5.98 
6.62 

7.30 
8.01 
8.76 
9.53 
10.35 

11.19 

12.07 
12.98 
13.92 
14.90 

15.91 
16.95 
18.03 
19.13 
20.28 

21.45 
22.66 
23.90 
25.18 
26.48 

27.82 
29.20 
30.60 
32.04 
33.52 

35.02 
36.56 
38.14 
39.74 
41.38 


Loads  above  upper  horizontal  lines  will  produce  maximum  allowable  shear  in  we 
Loads  below  lower  horizontal  lines  will  produce  excessive  deflections. 
For  maximum  safe  loads,  see  page  196. 
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CARNEQIE 

STEEL 

COMPANY 

BEAMS 

Allowable  Uniform  Load  in  Thousands 

OF  Pounds 

Maximum  Bending  Stress,  16,000  Pounds  per 

Square  Inch 

Depth  and  Weight  of  Sections 

■S      9 

Span 

§      2 

in 

20  Inch 

18  Inch 

S       <u 

Feet 

100 

95 

90 

85 

81.4 

75 

70    1  65.4 

90 

85 

80 

75.6 

3   0 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

5 

353.6 

0.41 

353.2 

6 

7 

294.3 

324.0 

294.8 

240.0 

259.6 

230.0 

290.5 

261.0 

231.8 

202.S 

0.60 
0.81 

285.6276.9 

2GB.2 

225.6216. 8i  200.0 

249.0 

241.1 
206.7 

252.3244.8237.7 

229.9223.4193.3  185.9 178.2  213.4 

200.O193.2 

8 

220.7214.2207.7201.1195.5|169.2  162.6 155.9  186.7 

180.8 

175.0169.1 

1.06 

9 

196.2190.4184.6178.8173.8150.4144.6:138.6  166.0 160.7 

165.6160.3 

1.34 

10 

176.6 171 .4jl66.1 160.9156.4 135.3130.1 124.7  149.4 144.7 

140.0135.3 

1.66 

11 

160.5 155.8'l51. 0146.3 142.2 123.0118.3 113.4 135.8131. 5 

127.2123.0 

2.00 

12 

147.2142.8138.5134.1130.3112.8108.4104.0  124.5120.6 

116.6112.7 

2.38 

13 

135.8131.8127.8123.8120.3il04.1100.1 

96.0  114.9111.3 

107.7104.1 

2.80 

14 

126.1122.4;118.7 114.9 111.7 

96.7 

92.9 

89.1  106.7 

103.3 

100.0 

96.6 

3.24 

15 

117.7114.2,110.8107.3104.3 

90.2 

86.7 

83.2 

99.6 

96.4 

93.3 

90.2 

3.72 

16 

110.4107.1103.8100.6 

97.7 

84.6 

81.3 

78.0 

93.4 

90.4 

87.5 

84.5 

4.24 

17 

103.9 100.81  97.71  94.1 

92.0 

79.6 

76.5 

73.4     87.9 

85.1 

82.3 

79.6 

4.78 

18 

98. i;  95.2 

92.3;  89.4 

86.9 

76.3    72.3 

69.3!   83.0 

80.4 

77.8 

75.1 

5.36 

19 

92.9    90.2 

87.4'  84.7 

82.3 

71.2,  68.5 

65.7 

78.6 

76.1 

73.7 

71.2 

5.98 

20 

88.3 

85.7 

83.1 

80.5 

78.2 

67.7 

65.1 

62.4 

74.7 

72.3 

70.0 

67.6 

6.62 

21 

84.1 

81.6 

79.1 

76.6 

74.5 

64.4 

62.0 

59.4 

71.1 

68.9 

66.7 

64.4 

7.30 

22 

80.3 

77.9 

75.5 

73.1 

71.1 

61.5 

59.1 

56.7 

67.9 

65.8 

63.6 

61.5 

8.01 

23 

76.8 

74.5 

72.2 

70.0 

68.0 

58.8  56.6 

54.2 

64.9 

62.9 

60.9 

58.8 

8.76 

24 

73.6 

71.4 

69.2 

67.0 

65.2 

56.41  54.2 

52.0 

62.2 

60.3 

58.3 

56.4 

9.63 

25 

70.6 

68.5 

66.5 

64.4 

62.6 

54.1 

52.0 

49.9 

59.8 

57.9 

56.0 

54.1 

10.35 

26 

67.9 

65.9 

63.9 

61.9 

60.2 

52.1 

50.0 

48.0 

67.5 

55.6 

53.8 

52.011.19 

27 

65.4 

63.5 

61.5 

59.6 

57.9 

50.1 

48.2 

46.2 

55.3 

53.6 

51.8 

50.1  12.07 

28 

63.1 

61.2 

59.3,  57.5 

55.9 

4S.3'  46.5 

44.6 

53.3 

51,7 

50.0 

48.3  12.98 

29 

60.9 

59.1 

57.3!  55.5 

53.9 

46.7 

44.9 

43.0 

61.5 

49.9 

48.3 

46.6  13.92 

30 

58.9 

57.1 

55.4   53.6 

52.1 

45.1 

43.4 

41.6 

49.8 

48.2 

46.7 

45.1  14.90 

31 

57.0 

55.3 

53.6    51.9 

50.5 

43.7 

42.0 

40.2 

48.2 

46.7 

45.2 

43.6  15.91 

32 

55.2 

53.6 

51.9    50.3   48.9 

42.3 

40.7 

39.0 

46.7 

45.2 

43.7 

42.3  16.95 

33 

53.5 

51.9 

50.4   48.8!  47.4 

41.0 

39.4 

37.8 

45.3 

43.8 

42.4 

41.0  18.03 

34 

51.9 

50.4 

48.9 

47.3:  46.0 

39.8 

38.3 

36.7 

43.9 

42.6 

41.2 

39.8  19.13 

35 

50.5 

49.0 

47.5 

46.0 

44.7 

38.7 

37.2 

35.6 

42.7 

41.3 

40.0 

38.620.28 

36 
37 

49.1 

47.7 

47.6 
46.3 

46.2 
44.9 

44.7 
43.5 

43.4 
42.3 

37.6 
36.6 

36.1 
35.2 

34.7 
33.7 

41.5 

40.2 

38.9 

37.6 

21.45 

"40.4" 

■"89.'i" 

"37:8" 

"seVe'i 

22.66 

38 

46.5 

45.1 

43.7 

42.3 

41.2 

35.6 

34.2 

32.8 

39.8 

88.1 

86.8 

85.6  123.90 

39 

45.3 

43.9 

42.6 

41.3 

40.1 

34.7 

33.4 

32.0 

25.18 

40 
41 

44.1 

42.8 

41.5 

40.2 

39.1 

33.8 

32.5 

31.2 

26.48 
'27.82 

■43:1"" 

'"4i".8" 

""SJ.5" 

'"39'.2" 

'ssX' 

"ss.o" 

■81.7" 

"36:4' 

42 

42.0 

40.8 

39.6 

38.3 

37.2 

32.2 

31.0 

29.7 

29.20 

Loa( 

s  above  upper  horizontal  lines  will  produce  maximum  allowable 

shear  in  webs. 

Loac 

s  below  horizontal  lines  will  produce  excessive  deflections. 

For 

maximum  safe  loads,  see  page  196. 
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BEAM    SAFE    LOADS 


BEAMS 

Allowable  Uniform 

Load  in 

Thousands  of  Pounds 

Maximum  Bending  Stress,  16,000  Pounds  per  Square  Inch 

1 
Span 
in 
Feet 

Depth  and  Weight  of  Sections 

.1  M 

18  Inch 

15  Inch 

S      -3 

0         V 

70 

65- 

60 

54.7 

48.2 

75        70 

65 

60.8 

55 

50 

45 

42.9 

0     Q 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

4 
5 

258.8 

2-20.3 

199.8 

264.6 

205.8 

177.0 

196.8 

167.4 

138.0 

0.27 
0.41 

245.8 
196.6 

285.2 

181.7 
145.4 

218.4 

208.9199.5 

188.8 

180.9 

173.2 

137.5 129.7 

6 

182.0 

174.1166.3 

10,5.6 

13G.8 

163.8157.3 

1 
150.8144.4:121.1 

114.6108.1 

12S.0 

104.7 

0.60 

157.1 

7 

156.0 

149.2142.5 

134.7  124.8 

140.4134.8 

129.2123.7 

103.8:98.292.6:89.8 

0.81 

8 

136.5 

130.6124.7 

117.9109.2 

122.9118.0113.1108.3 

90.8'85.981.078.5 

1.06 

9 

121.3 

116.1110.9 

104.897.1 

109.2104.9 

100.5 

96.2 

80.876.472.069.8 

1.34 

10 

109.2 

104.5 

99.8 

94.387.4 

98.3 

94.4 

90.5 

86.6 

72.768.864.862.8 

1.66 

11 

99.3 

95.0 

90.7 

85.779.4 

89.4 

85.8 

82.2 

78.7 

66.162.558.957.1 

2.00 

12 

91.0 

87.1 

83.1 

78.672.8 

81.9 

78.7 

75.4 

72.2 

60.657.354.052.4 

2.38 

13 

84.0 

80.4 

76.7 

72.567.2 

75.6 

72.6 

69.6 

66.6 

55.952.949.948.3 

2.80 

14 

78.0 

74.6 

71.3 

67.362.4 

70.2 

67.4 

64.6 

61.9 

51.949.146.3:44.9 

3.24 

15 

72.8 

69.6 

66.5 

62.958.2 

65.5 

62.9 

60.3 

57.7 

48.545.843.241.9 
45.443.040.539.3 

3.72 

16 

68.2 

65.3 

62.4 

58.9.54.6 

61.4 

59.0 

56.5 

54.1 

4.24 

17 

64.2 

61.5 

58.7 

5.^>.551.4 

57.81  55.5 

53.2 

50.9 

42.8,40.438.137.0 

4.78 

18 

60.7 

58.0 

55.4 

52.448.5 

54.61  52.4 

50.3 

48.1 

40.438.236.034.9 

5.36 

19 

57.5 

55.0 

52.5 

49.646.0 

51.7 

49.7 

47.6 

45.6 

38.3;36.234. 133.1 

5.98 

20 

54.6 

52.2 

49.9 

47.143.7 

49.2 

47.2 

45.2 

43.3 

36.3J34.4 

32.431.4 

6.62 

21 

52.0 

49.7 

47.5 

44.941.6 

46.8 

44.9 

43.1 

41.2 

.34.632.7 

30.929.9 

7.30 

22 

49.6 

47.5 

45.3 

42.939.7 

44.7   42.9 

41.1 

39.4 

33.031.3 

29.528.6 

8.01 

23 

47.5 

45.4 

43.4 

41.038.0 

42.7    41.0 

39.3 

37.7 

31.629.9 

28.227.3 

8.76 

24 

45.5 

43.5 

41.6 

39.336.4 

41.01  39.3 

37.7 

36.1 

30.328.6 

27.026.2 

9.53 

25 

43.7 

41.8 

39.9 

37.734.9 

39.3   37.8 

36.2 

34.6 

29.127.5 

25.9,25.1 

10.35 

26 

42.0 

40.2 

38.4 

36.3.33.6 

37.8   36.3 

34.8 

33.3 

28.026.4 

24.924.2 

11.19 

27 

40.4 

38.7 

37.0 

34.932.4 

36.4    35.0 

33.5 

32.1 

26.925.5 

24.023.3 

12.07 

28 

39.0 

37.3 

35.6 

33.731.2 

35.1    33.7 

32.3 

30.9 

26.024.6 

23.222.4 

12.98 

29 

37.6 

36.0 

34.4 

32.530.1 

33.9,  32.5 

31.2 

29.9 

25.123.7 

22.421.7 

13.92 

30 
31 

36.4 
35.2 

34.8 
33.7 

33.3 
32.2 

31.429.1 
30.428.2 

32.8 

31.5 

30.2 

28.9 

24.2 

22.9 

21.6 

20.9 

14.90 
15.91 

"31.7 

"30.4 

■""29'.2 

'  "27;9" 

""23V4 

'22.2" 

'20.9 

26:3" 

32 

34.1 

32.6 

31.2 

29.527.3 

80.7 

29.5 

28.3 

27.1 

22.7 

21.5 

20.8 

19.6 

16.95 

33 

33.1 

31.7 

30.2 

28.626.5 

18.03 

34 

32.1 

30.7 

29.3 

27.725.7 

19.13 

35 

31.2 

29.8 

28.5 

26.925.0 

20.28 

36 

30.3 

29.0 

27.7 

26.224  3 

21.45 

37 

"2i.6 

""■28"2 

"27.0' 

'""25.'5l'i<:6 

22.66 

38 

„_28-7 

_V.3 

_2-).8l23.0_ 

23.90 

Lo 
Lo 

ids  a  bo 
ids  bell 

ve  upp 
)W  low< 

er  hori; 
r  horiz 

ontal  lines  w 
ontal  lines  wi 

ill  produce  m£ 
11  produce  exc 

iximum  allow 
essive  deflect! 

ibie  shear  in  webs, 
ons. 

Fo 

r  maxu 

aumsa 

feloadf 

,  see  page  19 

6. 

/ 
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CARNEGIE     STEEL    COMPANY 


BEAMS 

Allowable  Uniform  Load  in  Thousands  of  Pounds 

Majdmum  Bending  Stress,  16,000  Pounds 

per  Square  Inch 

Span 

Depth  and  Weight  of  Sections 

1       S 

3      -3 

in 
Feet 

15In. 

12  Inch 

10  Inch 

Sg'oJ 

37  3 

55 

50 

45 

40.8 

35 

31.8 

27.9 

40 

35 

30 

25.4 

22.4 

o      ^ 
O     Q 

3 
4 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

197.0 

1G7.8 

133.2 

110.4 

104.6 
101.5 

84.0 

149.8 

120.4 

91.0 
71.6 

62.0 

50.4 

0.15 
0.27 

190.2 
142.7 

112.8104.1 
84.6;   78.1 

134.8 

127.0 

5 

99.6 

114.1 

107.9 

101.6 

95.6 

81.2 

76.7 

68.2 

67.7 

62.5 

57.2 

52.1 

48.5 

0.41 

6 

96.1 

95.1 

89.9 

84.7 

79.7 

67.6 

63.9 

.59.1 

56.4 

.52.1 

47.7 

43.4 

40.4 

0.60 

7 

82.4 

81.5 

77.0 

72.6 

68.3 

58.0 

.54.8 

.50.6 

48.4 

44.6 

40.9 

37.2 

34.6 

0.81 

8 

72.1 

71.3 

67.4 

63.5 

59.8 

.50.7 

48.0 

44.3 

42.3 

39.0 

35.8 

32.6 

30.3 

1.06 

9 

64.1 

63.4 

59.9 

56.4 

53.1 

45.1 

42.6 

39.4 

37.6 

34.7 

31.8 

28.9 

26.9 

1.34 

10 

57.7 

57.1 

53.9 

50.8 

47.8 

40.6 

38.4 

35.6 

33.9 

31.2 

28.6 

26.0 

24.2 

1.66 

11 

52.4 

51.9 

49.0 

46.2 

43.5 

.36.9 

.34.9 

32.2 

30.8 

28.4 

26.0 

23.7 

22.0 

2.00 

12 

48.1 

47.6 

44.9 

42.3 

39.8 

33.8 

32.0 

29.5 

28.2 

26.0 

23.9 

21.7 

20.2 

2.38 

13 

44.4 

43.9 

41.5 

39.1 

36.8 

31.2 

29.5 

27.3 

26.0 

24.0 

22.0 

20.0 

18.6 

2.80 

14 

41.2 

40.8 

38.5 

36.3 

34.2 

29.0 

27.4 

25.3 

24.2 

22.3 

20.4 

18.6 

17.3 

3.24 

15 

38.4 

38.0 

36.0 

33.9 

31.9 

27.1 

25.6 

23.6 

22.6 

20.8 

19.1 

17.4 

16.2 

3.72 

16 

36.0 

35.7 

33.7 

31.7 

29.9 

25.4 

24.0 

22.2 

21.2 

19.5 

17.9 

16.3 

15.1 

4.24 

17 

33.9 

33.6 

31.7 

29.9 

28.1 

23.9 

22.6 

20.9 

19.9 

18.4 

16.8 

15.3 

14.3 

4.78 

18 

32.0 

31.7 

30.0 

28.2 

26.6 

22.5 

21.3 

19.7 

18.8 

17.4 

15.9 

14.5 

13.5 

5.36 

19 

30.4 

30.0 

28.4 

26.7 

25.2 

21.4 

20.2 

18.7 

17.8 

16.4 

15.1 

13.7 

12.8 

5.98 

20 
21 

28.8 
27.5 

28.5 
27.2 

27.0 
25.7 

25.4 
24.2 

23.9 

22.8 

20.3 
19.3 

19.2 
18.3 

17.7 
16.9 

16.9 

15.6 

14.3 

13.0 

12. Ij 

6.62 
7.30 

16.1 

14  9 

13.6 

12.4 

11.5 

22 

26.2 

25.9 

24.5 

23.1 

21.7 

18.4 

17.4 

16.1 

15.4 

14.2 

13.0 

11.8 

11.0 

8.01 

23 

25.1 

24.8 

23.4 

22.1 

20.8 

17.6 

16.7 

15.4 

8.76 

24 
25 

24.0 
23.1 

23.8 

22.5 

21.2 

19.9 

16.9 

16.0 

14.8 

9.53 
10.35 

22.8 

21.6 

20.3 

19.1 

16.2 

16.3 

14.2 

26 

22.2 

21.9 

20.7 

19.5 

18.4 

15.6 

14.8 

13.6 

11.19 

27 

21.4 

12.07 

28 

20.6 

12.98 

29 

19.9 

13.92 

30 

19.2 

14.90 

31 

'W.6 

15.91 

32 

18.0 

16.95 

Loads  a 

3ove  up 

per  hoi 

izontal  line  will  produce  maximi 

im  alio 

ivable  shear  in  webs. 

Loads  b 

dow  \o\ 

ver  hor 

zontal  lines  will  produce  excess! 

ve  defle 

ctions. 

For  max 

imum  a 

afe  loa( 

Is,  see  pages  196  and  197. 
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BEAM    SAFE    LOADS 


BEAMS 

AixowABLE  Uniform  Load  in  Thousands  of  Pounds 
Maximum  Bending  Stress,  16,000  Pounds  per  Square  Inch 


Span 
in 

Depth  and  Weight  of  Sections 

"3  a 
■S.2 

9  Inch 

8  Inch 

7  Inch 

•gS 

Feet 

35 
lbs. 

30 
lbs. 

25 
Ibe. 

21.8 
lbs. 

25.5 
lbs. 

23 
lbs. 

20.5 
lbs. 

18.4 
lbs. 

17.5 
lbs. 

20 
lbs. 

17.5 
ilbs. 

15.3 
lbs. 

O 

131.8  '•   102.4 

73.1 

B2.2 

86.6 

71.8 

57.1 

48.2 

64.1 

49  4 

85.0 

3 

S8.3    80.5 
66.2    60.4 
53.0   48.3 

72.6 
54.5 
43.6 

60.8 
45.6 
36.5 

57.3 
43.0 
34.4 

53.9 
40.4 
32.3 

42.9 

39.8 
29.9 
23.9 

0.15 

4 
5 

50.3 
40.3 

37.9 
30.3 

35.2    1  32.1 
31.1     25.7 

27.6 
22.1 

0.27 
0.41 

6 

7 

8 

9 

10 

44.2  1  40.2 
37.9    34.5 
33.1,30.2 

29.4  26.8 

26.5  24.1 

36.3 
31.1 
27.2 
24.2 
21.8 

33.6 
28.8 
25.2 
22.4 
20.1 

30.4 
26.1 
22.8 
20.3 
18.2 

28.7 
24.6 
21.5 
19.1 
17.2 

26.9 
23.1 
20.2 
18.0 
16.2 

25.3    25.9     21.4 
21.7    22.2  !  18.4 
19.0'  19.5     16.1 
16.9  1  17.3     14.3 
15.2  115.6;  12.9 

19.9 
17.1 
14.9 
13.3 
11.9 

18.4 
15.8 
13.8 
12.3 
11.0 

0.60 
0.81 
1.06 
1.34 
1.66 

11 
1^ 
13 
14 

24.1    22.0 
22.1    20.1 
20.4  1  18.6 
18.9    17.2 

19.8 
18.2 
16.8 
15.6 
14.5 

18.3 
16.8 
15.5 
14.4 
13.4 

16.6 
15.2 
14.0 
13.0 
12.2 

15.6 
14.3 
13.2 
12.3 
11.5 

14.7 
13.5 
12.4 
11.5 
10.8 

13.8 
12.6 
11.7 
10.8 
10.1 

14.2 
13.0 
12.0 
11.1 

11.7 

10.7 

9.9 

9.2 

10.9 

10.0 

9.2 

8.5 

10.0 
9.2 
8.5 
7.9 

2.00 
2.38 
2.80 
3.24 

15 

17.7 

16.1 

10.4 

8.6 

8.0 

7.4 

3.72 

16 

16.6 
15.6 
14.7 

15.1 
14.2 
13.4 

13.6 
12.8 
12.1 

12.6 
11.8 
11.2 

11.4 

10.8 

10.1 

9.5 

9.7 

8.0 

7.5 

6.9 

4.24 

17 
18 

10.7 
10.1 

10.1 
9.6 

9.5 
9.0 

8.9 
8.4 

9.2 
8.6 

4.78 
5.36 

19 
20 

;   13.9 
13.8 

12.7 
12.1 

11.6 
10.9 

10.6 
10.1 

5.98 
6.62 

Loads  above  upper  horizontal  lines  will  produce  maximum  allowable  shear  in  webs. 
Loads  below  lower  horizontal  hnes  will  produce  excessive  deflections. 
For  maximum  safe  loads,  see  page  197. 


Span 
in 

, 

Depth  and  Weight  of  Section! 

h 

6  Inch 

5  Inch 

4  Inch 

1 

3  Inch 

17.25  ,  14.75  1   12.5 
Ibe.    ;   Ibe.       Ibe. 

14.75 
lbs. 

12.25 

Ibe. 

10 
lbs. 

10.5 
lbs. 

9.5 
lbs. 

8.5 
lbs. 

7.7 
lbs. 

7.5 
lbs. 

6.5 
lbs. 

5.7 
lbs. 

1 

67.0    1 

46.6      42.2       27.6 
31.0    28.4    25.8 
23.3    21.3  1  19.4 
18.6    17.1    15.5 

15.5  i  14.2  '  12.9 

60.4        85.7 

21.0 
17.2 
12.9 
10.3 

8.6 
7.4 
6.4 
5.7 
5.2 

82.8 

27.0 

21.0 

15.2 

10.6 

8.0 

6.4 

5.3 
4.5 
4.0 

21.7 
20.7 
10.4 
6.9 
5.2 
4.1 

3.5 

15.8 
9.6 
6.4 
4.8 
3.8 

3.2 

10.2 
8.8 
5.9 
4.4 
3.5 

2.9 

0  02 

2 
3 
4 
5 

? 

8 

9 

10 

11 
12 
13 
14 

323 
21.5 
16.2 
12.9 

10.8 

29.1 
19.4 
14.5 
11.6 

9.7 

19.0 

12.7 

9.5 

7.6 

6.3 

5.4 
4.8 

18.0 

12.0 

9.0 

7.2 

6.0 
5.1 
4.5 

16.9 

11.3 

8.5 

6.8 

5.6 

4.8 
4.2 

0.07 
0.15 
0.27 
0.41 

0.60 

13.3  1  12.2 
11.6:  10.7 

11.1 
9.7 

9.2 
8.1 

8.3 
7.3 

8.0 
2.6 

2.7 

2.4 

25 
2.2 

0.81 
1.06 

10.3 
9.3 

8.5 
7.8 

!"Y.2"" 

''     6.7 

9.5 
8.5 

8.6 
7.7 

7.2 
6.5 

6.5 
5.8 

1     4.2 
8.8 

4.0 
8.6 

8.8 
3.4 

8.6 
3.2 

1.34 
1.66 

V.8 
7.1 

"6.6  " 
6.1 

7.0 
6.5 
6.0" 
6.6 

6.9 
6.4 

6.8" 
4.8 

4.7 
4.8 

2.00 
2.38 
12.80 
3.24 
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CARNEQIE    STEEL    COMPANY 
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BEAM    SAFE    LOADS 


MISCELLANEOUS  BEAMS 

Allowable  Uniform  Load  in  Thousands  of  Pounds 
Maximum  Bending  Stress,  16,000  pounds  per  Square  Incli 

H  BEAMS 


Span 

Depth  and  Weight  of  Sections 

Coefficients 

in 
Feet 

8  Inch 
34.3  Pounds 

6  Inch 
24.1  Pounds 

5  Inch 
18.9  Pounds 

4  Inch 
13.8  Pounds 

of 
Deflection 

60.0 

37.6 

81.3 

25.0 

3 

19.0 
14.3 
11.4 

9.5 

8.1 
7.1 

0.15 

4 

25.4 
20.3 

16.9 
14.5 
12.7 
11.3 
10.1 

0.27 

o 

32.1 

26.7 
22.9 
20.1 
17.8 
16.0 

14.6 
13.4 

0.41 

6 
7 

8 

51.3 
44.0 
38.5 
34.2 
30.8 

28.0 
25.6 
23.7 
22.0 
20.5 

19.2 

0.60 
0.81 
1.06 

9 
10 

6.3 

B.7 

1.34 
1.66 

11 
12 

9.2 
8.6 

2.00 
2.38 

13 
14 
13 

16 

12.S 
11.5 

2.80 
3.24 
3.72 

4.24 

17 
18 

18.1 
17.1 

4.78 
5.36 

CROSS  TIE  SECTIONS 


Span 

in 

Feet 


Depth  and  Weight  of  Sections 


6.5  Inch 
27.8  Pounds 


5.5  Inch 
24.0  Pounds 


5.5  Inch 
20.0  Pounds 


40.3 


4.25  Inch 
14.5  Pounds 


3  Inch 
9.5  Pounds 


8.9 


Coefficients 

of 
Deflection 


0.15 


4 
5 

38.2 
30.6 

30.2 
24.2 

26.0 
20.8 

14.7 
11.8 

6.7 
5.4 

0.27 
0.41 

6 

25.5 
21.8 
19.1 
17.0 
15.3 

20.2 
17.3 
15.1 
13.4 
12.1 

17.3 
14.8 
13.0 
11.5 
10.4 

9.8 
8.4 
7.3 
6.5 

4.5 
3.8 

0.60 
0.81 

8 
9 

3.8 

3.0 
2.7 

1.06 
1.34 

10 

5.9 

1.66 

11 
12 

13.9 
12.7 
11.8 

11.0 
10.1 

9.4 

8.7 

6.3 

2.00 
2.38 

13 

9.3 

8.6 

"8.6 
7.4 

2.80 

14 
15 

10.9 
10.2 

3.24 
3.72 

16 
17 

9.5 
9.0 

4.24 

4.78 

Tyoads  above  upper  horizontal  lines  will  produce  maximum  allowable  shear  in  ' 
Loads  l)elow  lower  horizontal  lines  will  produce  excessive  deflections. 
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CHANNELS 

Allowable  Uniform  Load 

IN  Thousands 

OF 

Pounds 

Maximum  Bending  Stress,  16,000  Pounds  per  Square  Inch 

Span 
in 
Feet 

Depth  and  Weight  of  Sections 

il 

oQ 
o 

0.15 
0.27 

15  Inch 

13  Inch 

55 

50 

45 

40 

35 

33.9 

50 

45 

40 

37 

35 

31.8 

lbs. 

IbB. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

3 

4 

245.4 

210. 0 

186.6 

157.2 

127.8 

120.0 

205.7 

176.3 

146.9 

129.2 

117.5 

97.5 

204.0190.9 
153.0143.2 

177.8 
133.4 

171.6 
128.7 

160.3 
120.2 

123.6 

113.8 

111.1 

111.7 

106.6103.2 

97.5 

5 

122.4114.5 

106.7 

98.9 

91.0 

88.9 

103.0 

96.2 

89.4 

85.3 

82.6 

78.0 

0.41 

6 

102.0   95.4 

88.9 

82.4 

75.8 

74.1 

85.8 

80.2 

74.5 

71.1 

68.8 

65.0 

0.60 

7 

87.4   81.8 

76.2 

70.6 

65.0 

63.5 

73.6 

68.7 

63.8 

60.9 

59.0 

55.7 

0.81 

8 

76.5i  71.6 

66.7 

61.8 

56.9 

55.6 

64.4 

60.1 

55.9 

53.3 

51.6 

48.7 

1.06 

9 

68.0 

63.6 

59.3 

54.9 

50.6 

49.4 

57.2 

53.4 

49.7 

47.4 

45.9 

43.3 

1.34 

10 

61.2 

57.3 

63.3 

49.4 

45.6 

44.5 

51.5 

48.1 

44.7 

42.7 

41.3 

39.0 

1.66 

11 

55.6 

52.1 

48.5 

44.9 

41.4 

40.4 

46.8 

43.7 

40.6 

38.8 

37.5 

35.4 

2.00 

12 

51.0 

47.7 

44.5 

41.2 

37.9 

37.0 

42.9 

40.1 

37.2 

35.5 

34.4 

32.5 

2.38 

13 

47.1 

44.1 

41.0 

38.0 

35.0 

34.2 

39.6 

37.0 

34.4 

32.8 

31.8 

30.0 

2.80 

14 

43.7 

40.9 

38.1 

35.3 

32.5 

31.8 

36.8 

34.4 

31.9 

30.5 

29.5 

27.9 

3.24 

15 

40.8   38.2 

35.6 

33.0 

30.3 

29.6 

34.3 

32.1 

29.8 

28.4 

27.5 

26.0 

3.72 

16 

38.2]  35.8 

33.3 

30.9 

28.4 

27.8 

32.2 

30.1 

27.9 

26.7 

25.8 

24.4 

4.24 

17 

36.0   33.7 

31.4 

29.1 

26.8 

26.1 

30.3 

28.3 

26.3 

25.1 

24.3 

22.9 

4.78 

18 

34.0   31.8 

29.6 

27.5 

25.3 

24.7 

28.6 

26.7 

24.8 

23.7 

22.9 

21.7 

5.36 

19 

32.2    30.1 

28.1 

26.0 

23.9 

23.4 

27.] 

25.3 

23.5 

22.4 

21.7 

20.5 

5.98 

20 

30.6 

28.6 

26.7 

24.7 

22.8 

22.3 

25.7 

24.0 

22.3 

21.3 

20.6 

19.5 

6.62 

21 

29.1 

27.3 

25.4 

23.5 

21.7 

21.2 

24.5 

22.9 

21.3 

20.3 

19.7 

18.6 

7.30 

22 

27.8 

26.0 

24.3 

22.5 

20.7 

20.2 

23.4 

21.9 

20.3 

19.4 

18.8 

17.7 

8.01 

23 

26.6 

24.9 

23.2 

21.5 

19.8 

19.3 

22.4 

20.9 

19.4 

18.5 

18.0 

17.0 

8.76 

24 

25.5 

23.9 

22.2 

20.6 

19.0 

18.5 

21.5 

20.0 

18.6 

17.8 

17.2 

16.2 

9.53 

25 

24.5 

22.9 

21.3 

19.8 

18.2 

17.8 

20.6 

19.2 

17.9 

17.1 

16.5 

15.6 

10.35 

26 

27 

23.5 

22.0 

20.5 
19.8 

19.0 

18.3 

17.5 
16.9 

17.1 
16.5 

19.8 

18.5 

17.2 

16.4 

15.9 

15.0 

11.19 
12.07 

22.7!  21.2 

"ig.i" 

"ii.s 

■'■i6.6 

"  "iB.'s 

"15.3 

'ii'.i" 

28 

21.9 

20.5 

19.1 

17.7 

16.3 

15.9 

18.4 

17.2 

16.0 

16.2 

14.7 

13.9 

12.98 

29 

21.1 

19.7 

18.4 

17.0 

15.7 

15.3 

13.92 

30 
31 

20.4 
19.7 

19.1 

17.8 

16.5 

15.2 

14.8 

14.90 
15.91 

■"18.5 

"""17.2 

■"""15."9 

■"""i4;7 

"""14.3 

32 

19.1 

17.9 

16.7 

15.4 

14.2 

13.9 

16.95 

Loa 

da  above  upp 

3r  hori! 

ontal  '. 

ines  w: 

\]  prodi 

ice  max 

imum  I 

illowab 

le  shea 

r  in  webs. 

Loa 

ds  below  lowe 

r  horiz 

ontal  1 

nes  wi 

1  produ 

ce  exce 

3sive  d( 

flectio 

13. 

For 

maximum  sa 

e  load 

J,  see  p 

age  19 

5. 
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BEAM    SAFE    LOADS 


CHANNELS 

Allowable  Uniform 

Load 

IN  Thousands  of  Pounds 

Maximum  Bending  Stress,  16,000  Pounds  per  Square  Inch 

Depth  and  Weight  of  Sections 

S     g 

Span 

in 
Feet 

"3      '■** 

12  Inch 

10  Inch 

40 

35 

30 

25 

20.7 

35 

30          25 

20 

15.3 

c3      Q 

lbs. 

Ibe. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs.        lbs. 

lbs. 

lbs. 

2 
3 

4 

1S1.9 
175.1 
116.7 

87.5 

162.6 

128.1 

93.6 

67.2 

164.6 

135.2       105.8 

76.4 

48,0 

0.07 
0.15 
0.27 

123.2 
82.1 
61.6 

110.1     97.0 
73.4    64.7 
55.1     48.5 

106.2 
79.7 

95.8 
71.8 

85.3 
64.0 

56.0 
42.0 

47.6 
35.7 

56.9 

5 

70.0 

63.7 

57.5 

51.2 

45.5 

49.3 

44.0    38.8 

33.6 

28.5 

0.41 

6 

58.4 

53.1 

47.9 

42.7 

38.0 

41.1 

36.7    .32.3 

28.0 

23.8 

0.60 

7 

50.0 

45.5 

41.1 

36.6 

32.5 

35.2 

31.5    27.7 

24.0 

20.4 

0.81 

8 

43.8 

39.8 

35.9 

32.0 

28.5 

30.8 

27.5    24.3 

21.0 

17.8 

1.06 

9 

38.9 

35.4 

31.9 

28.4 

25.3 

27.4 

24.5    21.6 

18.7 

15.9 

1.34 

10, 

35.0 

31.9 

28.7 

25.6 

22.8 

24.6 

22.0     19.4 

16.8 

14.3 

1.66 

11 

31.8 

29.0 

26.1 

23.3 

20.7 

22.4 

20.0     17.6 

15.3 

13.0 

2.00 

12 

29.2 

26.6 

23.9 

21.3 

19.0 

20.5 

18.4     16.2 

14.0 

11.9 

2.38 

13 

26.9 

24.5 

22.1 

19.7 

17.5 

19.0 

16.9     14.9 

12.9 

11.0 

2.80 

14 

25.0 

22.8 

20.5 

18.3 

16.3 

17.6 

15.7     13.9 

12.0 

10.2 

3.24 

15 

23.3 

21.2 

19.2 

17.1 

15.2 

16.4 

14.7;  12.9 

11.2 

9.5 

3.72 

16 

21.9 

19.9 

18.0 

16.0 

14.2 

15.4 

13.8    12.1 

10.5 

8.9 

4.24 

17 

20.6 

18.7 

16.9 

15.1 

13.4 

14.5 

13.0    11.4 

9.9 

8.4 

4.78 

18 

19.5 

17.7 

16.0 

14.2 

12.7 

13.7 

12.2     10.8 

9.3 

7.9 

5.36 

19 

18.4 

16.8 

15.1 

13.5 

12.0 

13.0 

11.6;  10.2 

8.8 

7.5 

5.98 

20 

21 

17.5 
16.7 

15.9 
15.2 

14.4 
13.7 

12.8 
12.2 

11.4 
10.8 

12.3 

1 

11.0      9.7 

8.4 

7.1 

6.62 
7.30 

""ii'.i" ' 

"i'o'.K 9.'2" 

"■'sVo'" 

""6.8" 

22 

15.9 

14.5 

13.1 

11.6 

10.4 

11.2 

10.(1            8.8 

7.6 

6.5 

8.01 

23 

15.2 

13.9 

12.5 

11.1 

9.9 

8.76 

24 
25 

14.6 

13.3 

12.0 

10.7 

9.5 

1 

9.53 
10.35 

"lid" 

■'iaVs  " 

■u.B' 

"id.a" 

■"9.i" 

26 

13.5 

12.3 

11.1 

9.8 

8.8 

1 

11.19 

Loa 

ds  above 

upper  horizonta 

1  lines  w 

ill  produ 

ce  maximum  allowable  s 

tear  in 

ffebs. 

Loa 

ds  below 

lower  horizonta 

1  lines  w 

ill  produ 

ce  excessive  deflections. 

-;     For 

mazimu 

m  safe  loads,  see 

page  If 

8. 

- 
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CARNEQIE 

STEEL 

COJVIPANY 

CHANNELS 

Allowable  Uniform  Load  in  Thousands  op  Pounds 

Maximum  Bending  Stress,  16,000  Pounds  per  Square  Inch 

Span 

in 
Feet 

Depth  and  Weight  of  Sections 

1% 
II 

o 

9  Inch                II                   8  Inch 

7  Inch 

?,5 

20 

1.5 

13.4 

21.25 

18.75 

16.25 

13.75 

11.5 

19.75 

7.25 

14.75 

12.25 

9.8 

lbs. 

lbs. 

lbs. 

lbs. 

j  lbs. 

lbs. 

lbs. 

lbs. 

lbs.  |[ 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

110.7 

81.4 

1  93.1 

78.4 

63.8 

49.1 

1 

88.6 

73.9 

59.2 

44.5 

2 

83.8 

72.0   51.8 

41.4 

,63.  V 

68.5 

53.2 

48.0 

35.2 

bO.6^ 

t6.0 

41.4 

36.8 

29.4 

0.07 

3 

/i5.f) 

48.0  40.2 

37.4142.5 

39.0 

35.5 

32.0 

28.7 

?3.7 ; 

iO.7 

27.6 

24.6 

21.4 

1  0.15 

4 

41.9 

36.0130.1 

28.0131.8 

29.2 

26.6 

24.0 

21.5 

25.3  ; 

23.0 

20.7 

18.4 

16.1 

1  0.27 

5 

33.5 

28.8  24.1 

22.425.5 

23.4 

21.3 

19.2 

17.2 

20.2 

18.4 

16.6 

14.7 

12.9 

0.41 

6 

27.9 

24.0 

20.1 

1S.7 

21.2 

19.5 

17.7 

16.0 

14.4] 

16.9 

15.3 

13.8 

12.3 

10.7 

0.60 

7 

23.9 

20.6 

17.2 

16.0 

18.2 

16.7 

15.2 

13.7 

2.3i| 

14.4 

3.1 

11.8 

10.5 

9.2 

0.81 

8 

20.9 

i8.r 

15.1 

14.0 

15.9 

14.6 

13.3 

12.0 

.0.8 

12.6 

1.5 

10.4 

9.2 

8.0 

1.06 

9 

18.fi 

16. r 

13.4 

12.5 

14.2 

13.0 

11.8 

10.7 

9.61 

LI. 2 

0.2 

9.2 

8.2 

7.1 

1.34 

10 

16.8 

14.4 

12.1 

11.2 

12.7 

11.7 

10.6 

9.6 

8.6 

10.1 

9.2 

8.3 

7.4 

6.4 

1.66 

11 

15.2 

13.1 

11.0 

10.2 

11.6 

10.6 

9.7 

8.7 

7.8 

9.2 

8.4 

7,5 

6.7 

5.8 

2.00 

12 

14.0 

12.(; 

10.1 

9.3 

10.6 

9.7 

8.9 

8.0 

7.2 

8.4 

7.7 

6.9 

6.1 

5.4 

2.38 

13 

12. f 

11.1 

9.3 

8.6 

9.8 

9.0 

8.2 

7.4 

6.6 

7.8 

7.1 

6.4 

5.7 

4.9 

2.80 

14 
15 

12.0 
11.2 

10.3 
9.6 

8.6 
8.0 

8.0 
7.5 

9.1 

8.5 

8.4 
7.8 

7.6 
7.1 

6.9 
6.4 

6.2 
5.7 

7.2 

6.6 

5.9 

5.3 

4.6 

3.24 
3.72 

6.7 

6.1 

5.5 

4.9 

4.3 

16 

17 

10.5 
9.9 

9.0 

8.5 

7.5 
7.1 

7.0 
6.6 

8.0 

7.3 

6.7 

6.0 

5.4 

6.3 

5.7 

5.2 

4.6 

4.0 

4.24 

4.78 

7.5 

6.9 

6.8 

5.6 

5.1 

18 
19 

9.3 

8.0 

6.7 

6.2 

7.1 

6.5 

5.9 

5.3 

4.8 

5.36 
5.98 

8.8 

7.6 

6.3 

5.9 

20 

8.4 

7.2  1    6.0 

5.6    1 

' 

:  — 

6.62 

Span 
in 
Feet 

Depth  and  Weight  of  Sections                                            j 

=  ="- 

11 
SB'S 

6  Inch 

5  Inch 

4  Inch 

■  3  Inch           1 

1.5.5 

13 

10.5 

8.2 

11.5 

9 

6.7 

7.25 

6.25 

5.4 

6 

5 

4.1 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

lbs. 

1 

21.7 

lbs. 

lbs. 

47.7 

26.0 

15.8 

1 

67.6 

52.8 

38.2 

24.0    44.4 

33.0 

19.0 

24.4 

20.2 

14.4 

14.7 

13.1 

10.2 

0.02 

2 

34.7 

30.8 

26.9 

23.1  ,22.2 

18.9 

15.8 

12.2 

11.1 

10. 

7.4 

6.6 

5.8 

0.07 

3 

23.2 

20.5 

17.9 

15.4 

14.8 

12.6 

10.5 

8.1 

7.A 

6.' 

r    4.9 

4.4 

3.9 

0.15 

4 

17.4 

15.4 

13.4 

11.6 

11.1 

9.5 

7.9 

6.1 

5.6 

5. 

3.7 

3.3 

2.9 

0.27 

5 

13.9 

12.3 

10.8 

9.2 

8.9 

7.6 

6.3 

4.9 

4.5 

4. 

1     2.9 

2.6 

2.3 

0.41 

6 

11.6 

10.3 

9.0 

7.7 

7.4 

6.3 

5.3 

4.1 

3.7 

3.^ 

1     2.5 

2.2 

1.9 

0.60 

7 

9.9 

8.8 

V.V 

6.6 

6.3 

5.4 

4.5 

3.5 

3.2 

2.1 

1     "2.1" 

1.9 

1.7 

0.81 

8 

8.7 

7.7 

6.7 

5.8 

5.5 

4.7 

4.0 

3.C 

2.8 

2.1 

>       1.8 

1.3 

1.5 

1.06 

9 

7.7 

6.8 

6.0 

5.1 

4.9 

4.2 

3.5 

2.7 

2.5 

2.2 

1.34 

10 

6.9 

6.2 

5.4 

4.6 

4.4 

3.8 

3.2 

2.4 

2.2 

2.0 

1.66 

11 

6.3 

5.6 

4.9 

4.2 

4.0" 

■'s:4 

'2.9" 

2.00 

12 

5.8 

5.1 

4.5 

3.9 

3.7 

3.2 

2.6 

2.38 

13 

5.3 

4.7 

4.1 

8.6 

2.80 

14 

5.0 

4.4 

3.8 

3.3 

3.24 

Lo 

adg  above  upper  horizontal  lines  will  produce  maximum  allowable  shear  in  webs. 

Lo 

ads  below  lower  horizontal  lines  will  produce  excessive  deflections. 

Fo 

r  maximum  safe  loads,  see  page  198. 
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CARNEGIE    STEEL    COMPANY 
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BEAM    SAFE    LOADS 


EQUAL  ANGLES 
Allowable  Uniform  Load  in  Thousands  of  Pounds 

Neutral  Axis  Parallel  to  Either  Ijeg 
Maximum  Bending  Stress,  16,000  Pounds  per  Square  Inch 


1  Foot 

Maximum   Span 

1  Foot 

Maximum  Span 

Size, 

Thick- 
ness, 
Inches 

Span 

360  X  Deflection 

Size, 
Inches 

Thick- 
ness, 
Inches 

Span 

360  X  Deflection 

iDcbes 

Safe 

Safe 

Length, 

Safe 

Safe 

Length, 

Load 

Load 

Feet 

Load 

Load 

Feet 

IVs 

186.99 

8.31 

22.5 

i%e 

24.00 

2.55 

9.4 

IVie 

177.81 

7.87 

22.6 

% 

22.51 

2.37 

9.5 

1 

168.53 

7.43 

22.7 

1^6 

20.91 

2.18 

9.6 

8x8 

1%6 

% 

1%6 

159.15 
149.55 
139.84 

6.98 
6.53 
6.08 

22.8 
22.9 
23.0 

3HX3K 

% 
»A6 

■vis 

19.31. 
17.60 
15.89 
14.08 

2.00 
1.81 
1.62 
1.42 

9.7 
9.7 
9.8 
9.9 

% 

130.03 

5.63 

23.1 

% 

12.27 

1.23 

10.0 

iVie 

120.00 

5.18 

23.2 

%8 

10.45 

1.04 

10.1 

% 

109.87 

4.73 

23.2 

Vi 

8.43 

0.83 

10.2 

%6 

99.63 

4.28 

23.3 

% 

13.87 

1.69 

8.2 

V2 

89.28 

3.82 

23.4 

%6 

12.69 
11.41 

1.53 
1.37 

8.3 
8.3 

1 

91.41 

5.48 

16.7 

3x3 

%6 

10.13 

1.21 

8.4 

1%6 

86.51 

5.16 

16.8 

% 

8.85 

1.04 

8.5 

% 

81.39 

4.84 

16.8 

%6 

7.57 

0.88 

8.6 

1%6 

76.27 

4.51 

16.9 

y* 

6.19 

0.71 

8.7 

% 

71.04 

4.18 

17.0 

V2 

7.79 

1.15 

6.8 

6x6 

1V46 

65.81 

3.85 

17.1 

■%8 

6.93 

1.01 

6.9 

% 

60.37 

3.51 

17.2 

% 

6.08 

0.87 

7.0 

%6 

54.83 

3.17 

17.3 

23-^x21^ 

%6 

5.12 

0.72 

7.1 

Va 

49.17 

2.83 

17.4 

hi 

4.16 

0.58 

7.2 

Vie 

43.41 

2.48 

17.5 

%6 

3.20 

0.44 

7.3 

% 

37.65 

2.14 

17.6 

2.13 
4.27 

0.29 
0.79 

7.4 
5.4 

1 

61.87 

4.55 

13.6 

% 

3.73 

0.68 

5.5 

% 

1%6 

58.56 
55.15 
51.73 

4.28 
4.00 
3.73 

13.7 
13.8 
13.9 

2x2 

%6 

3.20 
2.67 
2.03 
1.39 

0.57 
0.46 
0.35 
0.24 

5.6 
5.7 
5.8 
5.8 

% 

48.32 

3.45 

14.0 

5x5 

iVie 

44.80 

3.18 

14.1 

Tie 

3.20 

0.68 

4.7 

% 

41.17 
37.44 
33.60 

2.90 
2.62 
2.34 

14.2 
14.3 
14.4 

IH^IH 

% 
%e 
V* 
%e 

2.77 
2.45 
2.03 
1.49 

0.60 
0.51 
0.41 
0.30 

4.7 
4.8 
4.9 
5.0 

T/ie 

29.76 

2.06 

14.5 

1^ 

1.07 

0.21 

5.1 

% 

25.81 

1.78 

14.5 

% 

2.03 

0.51 

4.0 

1%6 

32.11 

2.95 

10.9 

iHxl}^ 

%6 

1.71 
1.39 

0.42 
0.33 

4.1 
4.2 

% 

29.97 

2.73 

11.0 

%6 

1.07 

0.25 

4.3 

1^6 

27.84 

2.51 

11.1 

Vs 

0.77 

0.17 

4.4 

% 

25.60 

2.29 

11.2 

%e 

1.17 

0.36 

3.3 

4x4 

"Ae 

23.36 

2.07 

11.3 

iHxiyi 

Vi 

0.97 

0.29 

3.4 

Vb 

21.01 

1.85 

11.4 

%a 

0.76 

0.22 

3.5 

%fl 

18.67 

1.63 

11.4 

Vs 

0.52 

0.14 

3.6 

% 

16.21 

1.41 

11.5 

V4 

0.60 

0.22 

2.6 

%e 

13.76 

1.19 

11.6 

1      X    1 

%6 

0.47 

0.17 

2.7 

y* 

11.20 

0.96 

11.7 

Vs 

0.33 

0.12 

2.8 
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CARNEQIE    STEEL    COMPANY 


UNEQUAL  ANGLES 
Allowable  Uniform  Load  in  Thousands  of  Pounds 

Neutral  Axis  Parallel  to  Shorter  Leg 

Maximum  Bending  Stress,  16,000  Pounds  per  Square  Inch 


1  Foot 

Maximum  Span 

1  Foot 

Maximum    Span 

Size, 

Thick- 
ness, 
Inches 

Span 

360  X  Deflection 

Size, 
Inches 

Thick- 
ness, 
Inches 

Span 

360  X  Deflection 

Inches 

Safe 

Safe 

Length, 

Safe 

Safe 

Length, 

Load 

Load 

Feet 

Load 

Load 

Feet 

1 

161.17 

7.49 

21.5 

1 

83.52 

5.57 

15.0 

1%6 

152.21 

7.04 

21.6 

15A6 

79.04 

5.24 

15.1 

% 

143.04 

6.59 

21.7 

Vs 

74.45 

4.90 

15.2 

1%6 

133.87 

6.14 

21.8 

1%6 

69.87 

4.57 

15.3 

S    X    6 

% 

124.48 

5.68 

21.9 

% 

65.07 

4.23 

15.4 

1^6 

114.88 

5.22 

22.0 

6    x3J^ 

1^6 

60.27 

3.89 

15.5 

% 

105.28 

4.76 

22.1 

% 

55.36 

3.55 

15.6 

%6 

95.47 

4.30 

22.2 

»A6 

50.35 

3.21 

15.7 

V2 

85.55 

3.84 

22.3 

V2 

45.23 

2.86 

15.8 

%6 

75.41 

3.37 

22.4 

■Ae 

40.00 

2.52 

15.9 

1 

146.03 

7.53 

19.4 

% 

34.67 

2.17 

16.0 

i%e 

138.03 

7.08 

19.5 

%e 

29.23 

1.83 

16.0 

% 

129.92 

6.63 

19.6 

1%8 

121.60 

6.17 

19.7 

% 

53.23 

4.00 

13.3 

% 

113.17 

5.72 

19.8 

1%6 

50.03 

3.73 

13.4 

8    x3H 

me 

104.58 

5.23 

19.9 

% 

46.61 

3.46 

13.5 

% 

95.79 

4.78 

20.0 

1^6 

43.20 

3.19 

13.5 

%6 

86.93 

4.32 

20.1 

5x4 

% 

39.79 

2.92 

13.6 

V2 

77.97 

3.86 

20.2 

9A6 

36.16 

2.64 

13.7 

%6 

68.80 

3.39 

20.3 

V2 

"'Aa 

32.53 
28.80 

2.36 
2.07 

13.8 
13.9 

1 

112.85 

6.52 

17.3 

% 

24.96 

1.78 

14.0 

i%e 

106.67 

6.13 

17.4 

% 

100.48 

5.75 

17.5 

I 

% 

52.05 

4.04 

12.9 

1%6 

94.08 

5.36 

17.6 

i%e 

48.85 

3.76 

13.0 

% 

87.68 

4.97 

17.6 

% 

45.65 

3.49 

13.1 

7    xSVi 

i^ie 

81.07 

4.58 

17.7 

1^0 

42.35 

3.21 

13.2 

% 

74.35 

4.18 

17.8 

% 

38.93 

2.93 

13.3 

%6 

67.52 

3.77 

17.9 

5    x3>i 

SAe 

35.41 

2.64 

13.4 

y2 

60.59 

3.37 

18.0 

¥2 

31.89 

2.36 

13.5 

%6 

53.44 

2.96 

18.1 

■^e 

28.16 

2.07 

13.6 

% 

46.19 

2.54 

18.2 

% 

24.43 

1.79 

13.7 

1 

85.55 

5.56 

15.4 

5A8 

20.69 

1.51 

13.7 

1%6 

80.96 

5.22 

15.5 

% 

76.27 

4.89 

15.6 

i%e 

47.47 

3.77 

12.6 

i%e 

71.47 

4.55 

15.7 

% 

44.37 

3.49 

12.7 

% 

66.67 

4.22 

15.8 

1^6 

41.17 

3.22 

12.8 

6x4 

i^ie 

61.65 

3.88 

15.9 

% 

37.87 

2.94 

12.9 

% 

56.64 

3.54 

16.0 

5x3 

»A6 

34.45 

2.65 

13.0 

%6 

51.52 

3.20 

16.1 

V2 

31.04 

2.37 

13.1 

¥2 

46.19 

2.85 

16.2 

%6 

27.52 

2.09 

13.2 

%6 

40.85 

2.51 

16.3 

% 

23.89 

1.80 

13.3 

% 

35.41 

2.16 

16.4 

%« 

20.16 

1.51 

13.4 
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BEAM   SAFE   LOADS 


UNEQUAL  ANGLES 

Allow 

ABLE  Uniform  Load  in  Thousands  of  Pounds 

Neutral  Axis  Parallel  to  Shorter  Leg 

Maximum  Bending  Stress,  16,000  Pounds  per  Square  Inch 

1  Foot     Maximum    Span 

1  Foot 

Maximum  Span 

Si«e, 
Inches 

Thick- 
neas. 
Inches 

Span    :    360  X  Deflection 

Size, 
Inches 

Thick- 
ness, 
Inches 

Span 

360  X  Deflection 

Safe 

Safe     1  Length, 

Safe 

Safe 

Length, 

Load 

Load    1    Feet 

Load 

Load 

Feet 

»%8 

38.61   '    3.36    '    11.5 

"Ae 

12.27 

1.53 

8.0 

% 

36.05       3.11        11.6 

Vz 

11.09 

1.37 

8.1 

»We 

33.49       2.87        11.7 

3    x2ii 

Tie 

9.92 

1.22 

S.l 

% 

30.83   1    2.62         11.8 

% 

8.64  I    1.06 

8.2 

*'Ax   3 

"He 

28.16       2.38        11.8 

%6 

7.36  1    0.89 

8.3 

Vs 

25.28  !    2.13        11.9 

Vi 

5.97 

0.71 

8.4 

%e 

22.40       1.87        12.0 

% 

19.52        1.61         12.1 

V2 

10.67 

1.39 

7.7 

%« 

16.43       1.35        12.2 

Tie 

9.49 

1.22 

7.8 

3x2 

% 

8.32 

1.05 

7.9 

1%6 

31.15       2.94        10.6 

%6 

7.04 

0.88 

8.0 

% 

29.23       2.73         10.7 

Vi 

5.76       0.71 

8.1 

^Vl6 

27.20       2.52    '     10.8 

% 

25.07 

2.30        10.9 

V2 

7.47 

1.15 

6.5 

4  x3H 

%6 

22.93 

2.08        11.0 

Tie 

6.72 

1.02 

6.6 

Va 

20.69 

1.86    1    11.1 

% 

5.87       0.88 

6.7 

T^e 

18.35 

1.64        11.2 

2Hx   2 

%e 

5.01 

0.74 

6.8 

% 

16.00 

1.41    '    11.3 

Vi 

4.05 

0.59 

6.9 

%6 

13.44 

1.18        11.4 

%6 

3.09 
2.13 

0.44 
0.30 

7.0 
7.1 

1%6 

30.61 

2.97        10.3 

% 

28.59 

2.75        10.4 

%6 

4.69 

0.73 

6.4 

% 

26.56 
24.53 

2.53         10.5 
2.31         10.6 

ZViXlVi 

Vie 

3.84 
2.99 

0.59 
0.45 

6.5 
6.6 

4x3 

%6 

22.40       2.09         10.7 

Ve 

20.16 

1.87        10.8 

%« 

17.92 

1.64    ,    10.9 

Vs 

5.76 

1.02 

5.6 

% 

15.57 

1.42         11.0 

Tie 

5.12 

0.90 

5.7 

13.12 
10.67 

1.19        11.0 
0.96    1    11.1 

2Hxiy2 

% 

%6 

4.48 
3.84 

0.77 
0.65 

5.8 
5.9 

Vi 

3.20 

0.53 

6.0 

1%6 

23.47 

2.57 

9.1 

%6 

2.45 

0.40 

6.0 

% 

21.87 

2.38 

9.2 

»%6 

20.37 

2.19 

9.3 

% 

3.63 

0.70 

5.2 

% 

18.77 

2.00 

9.4 

%e 

3.09 

0.58 

5.3 

3Hx    3 

Via 

17.17 

1.81 

9.5 

2  xlH 

Vi 

2.56 

0.47 

5.4 

V2 

15.47 

1.62 

9.5 

%e 

1.92 

0.35 

5.5 

^6 

13.76 

1.43 

9.6 

Vs 

1.39 

0.24 

5.6 

% 

12.05 

1.24 

9.7 

%6 

10.24 

1.05 

9.8 

2   xlM 

Vi 

2.45 

0.47 

5.2 

¥4 

8.32 

0.84          9.9 

%e 

1.92 

0.36 

5.3 

3HX2H 

% 

V2 

Tie 

19.73 
18.24 
16.64 
15.04 
13.44 

2.19 
2.00 
1.82 
1.63 
1.44 

9.0 
9.1 
9.1 
9.2 
9.3 

IHxlVi 

Vi 
%e 

1.92 
1.49 
1.00 

0.42 
0.32 
0.21 

4.6 
4.7 
4.8 

% 

11.73       1.24          9.4 

%e 

1.71 

0.44 

3.9 

%e 

9.92       1.04          9.5 

IHxlM 

Vi 

1.39 

0.35 

4.0 

¥4 

8.00       0.83          9.6    ' 

%6 

1.07 

0.26 

4.1 
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CARNEGIE    STEEL    COMPANY 


UNEQUAL  ANGLES 

Allowable  Uniform  Load  in  Thousands  of  Pounds 

Neutral  Axis  Parallel  to  Longer  Leg 

Maximum  Bending  Stress,  16,000  Poimds  per  Square  Inch 

1  Foot  1 

Maximum  Span 

1  Foot 

Maximum  Span 

Size, 
Inches 

Thick- 
ness,    - 
Inches 

Span 

360  X  Deflection 

Size, 
Inches 

Thick- 
ness, 
Inches 

Span 

360x  Deflection 

Safe 

Safe 

Length, 

Safe 

Safe 

Length, 

Load 

Load 

Feet 

Load 

Load 

Feet 

1           95.15 

5.44        17.5 

1 

30.93 

3.09 

10.0 

isAe     89.92 

5.11         17.6 

isAe 

29.23 

2.90 

10.1 

% 

84.69 

4.79 

17.7 

% 

27.63 

2.71 

10.2 

1%6 

79.36 

4.45 

17.8 

1%6 

25.92 

2.52 

10.3 

% 

73.92 

4.13 

17.9 

% 

24.21 

2.33 

10.4 

8x6 

11^6 

68.37 

3.80 

18.0 

1^6 

22.51 

2.14 

10.5 

% 

62.72 

3.48 

18.0 

6  x3J^ 

% 

20.69 

1.95 

10.6 

%6 

56.96 

3.15 

18.1 

%6 

18.88 

1.76 

10.7 

V2 

51.09 

2.81 

18.2 

V2 

16.96 

1.57 

10.8 

'Ae 

45.12 

2.47 

18.3 

■      %6 
% 

15.04 
13.12 

1.38 
1.19 

10.9 
11.0 

1        1 

32.21 

3.10 

10.4 

%6 

11.09 

1.00 

11.1 

1%8 

30.40 

2.90 

10.5 

8  x3}4 

^'8 
% 

me 

% 

V2 
%6 

28.69 
26.88 
25.07 
23.15 
21.33 
19.41 
17.49 
15.57 

2.71 
2.52 
2.33 
2.13 
1.94 
1.74 
1.57 
1.38 

10.6 
10.7 
10.8 
10.9 
11.0 
11.1 
11.2 
11.3 

5x4 

% 

me 

% 

%e 

V2 

''Ae 

35.31 
33.17 
30.93 
28.69 
26.45 
24.11 
21.76 
19.31 

3.15 
2.93 
2.71 
2.50 
2.28 
2.16 
1.84 
1.62 

11.2 
11.3 
11.4 
11.5 
11.6 
11.7 
11.8 
11.9 

1 

31.57 

3.10 

10.2 

% 

16.75 

1.40 

12.0 

1%6 

29.87 

2.90 

10.3 

% 

28.16 

2.71 

10.4 

% 

26.88 

2.71 

9.9 

1%0 

26.45 

2.52 

10.5 

1»A6 

25.28 

2.53 

100 

% 

24.64 

2.33 

10.6 

% 

23.68 

2.34 

10.1 

x3^ 

Hifl 

22.83 

2.14 

10.7 

His 

21.97 

2.15 

10.2 

% 

21.01 

1.95 

10.8 

5  xSVi 

% 

20.27 

1.97 

10.3 

%6 

19.20 

1.76 

10.9 

«A6 

18.45 

1.78 

10.4 

Va 

17.28 

1.57 

11.0 

V2 

16.64 

1.60 

10.4 

■vie 

15.36 

1.38 

11.1 

-'Ae 

14.83 

1.41 

10.5 

% 

13.44 

1.19 

11.2 

% 

%6 

12.91 
10.88 

1.22 
1.02 

10.6 
10.7 

1 

40.43 

3.55 

11.4 

6x4 

1%6 

% 

% 

38.29 
36.16 
33.92 
31.68 
29.44 

3.33 
3.12 
2.90 
2.69 
2.47 

11.5 
11.6 
11.7 
11.8 
11.9 

1%6 

% 

Hi6 

% 

18.56 
17.39 
16.11 
14.83 

2.16 
2.00 
1.83 
1.67 

8.6 
8.7 
8.8 
8.9 

% 

27.09 

2.26 

12.0 

5x3 

»A6 

13.55 

1.51 

9.0 

»Ae 

24.64 

2.05 

12.0 

V2 

12.27 

1.35 

9.1 

Vs 

22.19 

1.84 

12.1 

''Ae 

10.88 

1.18 

9.2 

''Ae 

19.73 

1.62 

12.2 

8/'s 

9.49 

1.02 

9.3 

% 

17.07 

1.39 

12.3 

sAe   1     8.00  1    0.85 

9.4 
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BEAM    SAFE    LOADS 


UNEQUAL  ANGLES 

ALLOWABLE  UNIFORM  LOAE 

IN  Thousands  of  Pounds 

Neutral  Axis  Parallel  to  Longer  Leg 

Maximiun  Bending  Stress,  16,000  Pounds  per  Square  Inch 

1  Foot 

Maximum    Span 

1  Foot 

Maximum    Span 

Sise, 
Inches 

Thick- 
ness, 
Inches 

Span 

360  X  Deflection 

Size,       ™'='^- 

Span 

360  X  Deflection 

Safe 

Safe 

Length, 

Safe 

Safe 

Length, 

Load 

TkwH 

Feet 

T,oaH 

Load 

Feet 

1%8 

18.24 

2.15 

8.5 

9A6 

8.75 

1.25 

7.0 

% 

17.07 

1.99 

8.6 

y2 

7.89 

1.12 

7.0 

Hi« 

15.89 

1.83 

8.7 

'•Aa 

7.04 

0.99 

7.1 

% 

14.61 

1.67 

8.8 

3  x2H 

% 

6.19 

0.85 

7.2 

4iix  3 

%e 

13.33 

1.51 

8.8 

%e 

5.23 

0.72 

7.3 

^ 

12.05 

1.35 

8.9 

y* 

4.27 

0.58 

7.4 

Via 

10.77 

1.19 

9.0 

%6 

9.39 
8.00 

1.03 
0.87 

9.1 
9.2 

y2 

"We 

5.01 

4.48 

0.88 
0.77 

5.7 
5.8 

3x2 

% 

3.95 

0.67 

5.9 

I%8 

24.53 

2.56 

9.6 

%8 

3.41 

0.57 

6.0 

% 

22.93 

2.37 

9.7 

% 

2.77 

0.46 

6.1 

lyie 

21.33 

2.18 

9.8 

4   x3M 

% 

Vie 

% 

%6 

19.63 
17.92 
16.21 
14.40 
12.59 
10.67 

1.98 
1.79 
1.60 
1.41 
1.22 
1.03 

9.9 
10.0 
10.1 
10.2 
10.3 
10.4 

2J^x    2 

%8 
% 
%8 

%8 

4.91 
4.37 
3.84 
3.31 
2.67 
2.13 

0.89 
0.78 
0.67 
0.57 
0.46 
0.35 

5.5 
5.6 
5.7 
5.8 
5.9 
6.0 

19^6 

17.92 

2.15 

8.3 

ys 

1.49 

0.23 

6.1 

% 

16.75 

1.99 

8.4 

ii^e 

15.57 

1.83 

8.5 

%6 

1.81 

0.41 

4.4 

6^ 

14.40 

1.67 

8.6 

2l4xll4     Vi 

1.49 

0.33 

4.5 

4x3 

"/le 

13.12 

1.51 

8.7 

%6 

1.17 

0.25 

4.6 

1/. 

11.84 

1.35 

8.8 

'Aa 

10.56 

1.19 

8.9 

\<i 

2.77 

0.67 

4.1 

% 

9.28 

1.03 

8.9 

•%e 

2.45 

0.58 

4.2 

%6 

7.89 

0.87 

9.0 

2Mxl^ 

% 

2.13 

0.50 

4.3 

y4 

6.40 

0.70 

9.1 

%8 

1.81 

0.41 

4.4 

Vi 

1.49 

0.33 

4.5 

i%« 

17.60 

2.17 

8.1 

%6 

1.17 

0.25 

4.6 

% 

16.43 

2.01 

8.2 

1^6 

15.36 

1.85 

8.3 

% 

2.13 

0.51 

4.2 

% 

14.19 

1.69 

8.4 

^6 

1.81 

0.42 

4.3 

3Hx  3 

9^8 

12.91 

1.52 

8.5 

2   xlH 

Vi 

1.49 

0.34 

4.4 

¥2 

11.73 

1.36 

8.6 

%6 

1.J7 

0.26 

4.5 

lU 

10.45 

L20 

8.7 

v» 

0.80 

0.17 

4.6 

% 

9.07 

1.04 

8.7 

y* 

7.68 
6.19 

0.87 
0.70 

8.8 
8.9 

2  xlM 

Vi 

%8 

1.04 
0.80 

0.28 
0.21 

3.7 
3.8 

^Via 

10.56 

1.51 

7.0 

% 

9.81 

1.39 

7.1 

Vi 

1.01 

0.28 

3.6 

»/l6 

8.96 

1.26 

7.1 

l?ixlM 

%e 

0.80 

0.22 

3.7 

3.4x2>^ 

¥2 

8.11 
7.25 

1.13 
0.99 

7.2 
7.3 

% 

0.56 

0.15 

3.8 

% 

6.29 

0.85 

7.4 

%e 

1.17 

0.34 

3.4 

%8 

5.33 

0.71 

7.5 

IHxlJi 

Vi 

0.99 

0.28 

3.5 

y* 

4.37 

0.58 

7.6 

%6 

0.78 

0.22 

3.6 
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CARNEGIE    STEEL    COMPANY 


TEES 


AiiiOWABLE  Uniform  Load  in  Thousands  of  Pounds 


Neutral  Axis  Parallel  to  Flange 

Maximum  Bending  Stress,  16,000  Pomids  per  Square  Inch 
EQUAL  TEES 


Size 

Weight 

IFoot 
Span 

Maximum  Span 
360  X  Deflection 

Size 

Weight 

1  Foot 
Span 

Maximum  Span 

360  .X  Deflection 

Stem, 

per 
Foot, 

Flange, 

Stem, 

per 
Foot, 

Flange, 

j 

Inches 

Inches 

Pounds 

Safe 
Load 

Safe 
Load 

Length, 
Feet 

Inches 

Inches 

Pounds 

Safe 
Load 

Safe    1  Length, 
Load   j    Feet 

6K 

6H 

19.8 

52.80 

2.77 

19.1 

2H 

2M 

4.9 

4.37 

0.69       6.3 

4 

4 

13.5 

21.55 

1.89 

11.4 

2H 

2K 

4.1 

3.41 

0.53       6.4 

4 

4 

10.5 

16.85 

1.45 

11.6 

2 

2 

4.3 

3.31 

0.59 

5.6 

SVz 

3J^ 

11.7 

16.32 

1.65 

9.9 

2 

2 

3.56 

2.77 

0.49 

5.7 

3H 

3K 

9.2 

12.69 

1.27 

10.0 

IM 

IM 

3.09 

2.03 

0.41 

4.9 

3 

3 

9.9 

11.73 

1.41 

8.3 

iVi 

iy2 

2.47 

1.49 

0.36 

4.1 

3 

3 

8.9 

10.45 

1.24 

8.4 

iVi 

iH 

1.94 

1.17 

0.27 

4.3 

3 

3 

7.8 

9.17 

1.08 

8:5 

IM 

IM 

2.02 

1.01 

0.30 

3.4 

3 

3 

6.7 

7.89 

0.92 

8.6 

IM 

IM 

1.59 

0.78 

0.22 

3.5 

2y2 

2y, 

6.4 

6.29 

0.90 

7.0 

1 

1 

1.25 

0.49 

0.18 

2.7 

2J^ 

2M 

5.5 

5.33 

0.75 

7.1 

1 

1 

0.89 

0.35 

0.12 

2.9 

UNEQUAL  TEES 


Size 

Weight 

1  Foot 
Span 

Maximum  Span 
360  X  Deflection 

Size 

Weight 

1  Foot 
Span 

Maximi 
360  X  D 

im  Span 

eflection 

Stem, 

per 
Foot, 

Flange, 

Stem, 

per 
Foot, 

Flange, 

Inches 

Inches 

Pounds 

Safe 

Safe 

Length, 

Inches 

Inches 

Pounds 

Safe 

Safe 

Length, 

Load 

Load 

Feet 

Load 

Load 

Feet 

5 

3 

11.5 

11.33 

1.25 

9.0 

ZV2 

3 

10.8 

12.05 

1.42 

8.5 

5 

2H 

10.9 

8.96 

1.20 

7.5 

3M 

3 

8.5 

9.49 

1.09 

8.7 

4K 

3H 

15.7 

22.72 

2.37 

9.6 

3J^ 

3 

7.5 

9.07 

1.04 

8.7 

4H 

3 

9.8 

9.71 

1.07 

9.1 

3 

4 

11.7 

20.69 

1.92 

10.8 

4:V2 

3 

8.4 

8.32 

0.90 

9.2 

3 

4 

10.5 

18.35 

1.68 

10.9 

^Yi 

2M 

9.2 

6.72 

0.87 

7.7 

3 

4 

9.2 

16.11 

1.47 

11.0 

4Ji 

23^ 

7.8 

5.76 

0.74 

7.8 

3 

3y2 

10.8 

15.89 

1.66 

9.6 

4 

5 

15.3 

33.39 

2.40 

13.9 

3 

3y2 

9.7 

14.19 

1.46 

9.7 

4 

5 

11.9 

25.92 

1.84 

14.1 

3 

3y2 

8.5 

12.37 

1.26 

9.8 

4 

4J^ 

14.4 

27.09 

2.15 

12.6 

3 

2K 

7.1 

6.40 

0.89 

7.2 

4 

4H 

11.2 

21.12 

1.65 

12.8 

3 

2ji 

6.1 

5.55 

0.76 

7.3 

4 

3 

9.2 

9.60 

1.08 

8.9 

2>^ 

3 

7.1 

8.96 

1.08 

8.3 

4 

3 

7.8 

8.21 

0.90 

9.1 

2y2 

3 

6.1 

,    7.68 

0.91 

8.4 

4 

2H 

8.5 

6.61 

0.87 

7.6 

2% 

IM 

2.87 

0.93 

0.25 

3.7 

4 

2H 

7.2 

5.65 

0.73 

7.7 

2 

1^ 

3.09 

1.60 

0.36 

4.4 

4 

2 

7.8 

4.27 

0.70 

6.1 

1)4 

2 

2.45 

2.03 

0.37 

5.5 

4 

2 

6.7 

3.63 

0.59 

6.2 

iy2 

IK 

1.25 

0.57 

0.15 

3.7 

3K 

4 

12.6 

21.12 

1.90 

11.1 

IM 

% 

0.88 

0.14 

0.07 

1.9 

ZYl 

4 

9.8 

16.53 

1.46 

11.3 
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BEAM    SAFE    LOADS 


ZEES 

Allowable  Uniform  Load  in  Thousands 

OF  Pounds 

Neutral  Axis  Parallel  to  Flanges 

, 

Maximum  Bending  Stress,  16.000  Pounds  per 

Square  Inch 

Size 

Weight 
per  Foot, 
Pounds 

1  Foot 
Span 

Maximum  Span 
360  X  Deflection 

Depth, 
Inches 

Flanges, 
Inches 

Thickness, 
Inches 

Safe 
Load 

Safe 
Load 

Length, 
Feet 

6^^ 

3%                  % 

34.6 

174.93 

14.18 

12.3 

6Ho 

3%6                       1%6 

32.0 

162.35 

13.30 

12.2 

6 

314                            % 

29.4 

149.76 

12.40 

12.1 

6lk 

3% 

1^8 

28.1 

150.40 

12.19 

12.3 

6Vio 

3%6 

% 

25.4 

136.75 

11.20 

12.2 

6 

3M! 

%8 

22.8 

123.20 

10.20 

12.1 

6V^ 

3% 

V2 

21.1 

119.68 

9.70 

12.3 

6Vi8 

3%6 

T4a 

18.4 

104.85 

8.59 

12.2 

6 

3yo. 

%          '        15.7 

90.03 

7.45 

12.1 

5Vs 

3% 

i%6        j        28.4 

119.47 

11.58 

10.3 

5li6 

3%6 

%                 26.0 

110.29 

10.82 

10.2 

5 

3% 

IV18 

23.7 

101.01 

10.03 

10.1 

5V8 

3% 

% 

22.6 

102.08 

9.89 

10.3 

5^6 

3%6 

%6 

20.2 

91.95 

9.02 

10.2 

5 

3y4 

^2 

17.9 

81.92 

8.14 

10.1 

5^8 

3% 

'A« 

16.4 

79.36 

7.69 

10.3 

5Vi6 

3%  6 

% 

14.0 

68.16 

6.69 

10.2 

5 

3y4 

%8 

11.6 

56.96 

5.66 

10.1 

4Vs 

3%6 

% 

23.0 

77.44 

9.32 

8.3 

4^6 

3V8 

iVia        1        20.9 

70.93 

8.67 

8.2 

4 

3Via 

%                 18.9 

64.53 

8.01 

8.1 

4Vs 

3%6 

»A8 

18.0 

65.92 

7.93 

8.3 

4Vi6 

3% 

V2 

15.9 

58.67 

7.17 

8.2 

4 

3^6 

•via 

13.8 

51.52 

6.40 

8.1 

41/8 

3%  8                      % 

12.5 

49.81 

6.00 

8.3 

4Vi6 

SVs                  'yia 

10.3 

41.71 

5.10 

8.2 

4 

'       3Me                 V4 

8.2 

33.49 

4.16 

8.1 

3^8 

2%         ;        O/ia 

14.3 

36.59 

5.93 

6.2 

3 

21^8 

1/2          !        12.6 

32.64 

5.40 

6.1 

31^6 

2% 

'An        1       11.5 

31.79 

5.15 

6.2 

3 

21^8 

%                  9.8 

27.41 

4.54 

6.1 

3Vi6 

2% 

%8         i         8.5 

25.39 

4.12 

6.2 

3 

'        2iViG 

y*      !      6.7 

20.48 

3.39      1         6.1 
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CARNEQIE    STEEL    COMPANY 


STANDARD  GAGES  AND  DIMENSIONS  FOR  BEAMS 


It 


A 


4. 


it.— ^-- 


-jvh- 


Nominal  dimensions  are: — flange  width  and  "o"  in  eighths,  web  thickness 
in  sixteenths.   Gages  for  connection  angles  are  determined  by  J-2  web  thickness. 
Standard  gages  may  be  varied  if  conditions  require. 


Depth 

Weight 
per 
Foot 

Flange 
Width 

Web 
Thick- 
ness 

i^Web 
Thick- 
ness 

Gage 
g 

Grip 
P 

Distance 

Max. 

Beam 

f 

0 

h 

Flange 

In. 

Lbs. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

27 

90.0 

9 

y2 

y^ 

4 

% 

22y2 

2y4 

%6 

% 

24 

115.0 
110.0 
105.9 

8 

7% 
7% 

% 

% 

%6 

%6 

4 
4 
4 

lys 
lys 
lys 

20y4 
20V4 
20y4 

IVs 
IVs 

lys 

%6 

^Ae 

78 

24 

100.0 
95.0 
90.0 
85.0 
79.9 

7% 
7y8 

7^8 

7y8 

7 

% 

lyie 

% 

»/l8 

y-2 

% 

%6 
%8 

1/4 

4 
4 
4 
4 

4 

yg 

Vs 

V8 

Vs 

20SA 
208A 
20% 
208A 
20^4 

1% 
1% 
1% 

1^8 
1% 

yi6 
Vie 
% 
% 

%6 

ys 

24 

74.2 

9 

y-2 

y4 

4 

% 

20 

2 

%6 

ys 

21 

60.4 

sy* 

^Ae 

%6 

4 

»A6 

i7y2 

1% 

y4 

V8 

20 

100.0 
95.0 
90.0 
85.0 
81.4 

7% 

7y4 
7y8 

7 
7 

% 

is/ie 
% 
% 
% 

yi6 
% 
% 

BA6 
%6 

4 
4 
4 
4 
4 

i6y2 
leya 
leyo 
leya 
i6y2 

1% 
1% 
1% 
1% 

18A 

y2 
y2 

Via 

% 
% 

Vs 

20 

75.0 
70.0 
65.4 

6% 
6% 
6y4 

% 

%6 

ya 

%6 
%8 

y^ 

4 
4 
4 

17 
17 
17 

iy2 

lya 

iy2 

% 
% 

%6 

% 

18 

90.0 
85.0 
80.0 
75.6 

7y4 
7y8 
7y8 

7 

1%6 

lyio 

% 

%0 

% 
% 

5A6 

y* 

4 
4 
4 

4 

1 
1 
1 

1 

i4y2 
i4y2 
i4y2 
i4y2 

1% 
1% 
1% 

1% 

y^ 

% 
% 

Vs 

18 

70.0 
65.0 
600 

54.7 

ey* 
6y8 
6y8 

6 

1^6 
% 
%6 
%6 

?'8 

i-i 

y* 

3% 
3% 
3% 
3y4 

% 
% 
% 
% 

i5y4 
i5y4 
i5y4 
i5y4 

1% 
1% 
1% 
1% 

T48 

% 
% 

%6 

% 

18 

48.2 

7yo 

% 

3A8 

33A 

y2 

14% 

1% 

y* 

Vs 

15 

75.0 
70.0 
65.0 
60.8 

6% 

eys 
6y8 

6 

% 
1^6 
»A6 

%6 
% 

sAe 
sAe 

sys 

3% 

3y2 
3y2 

ys 
ys 

11»4 

138/4 
118A 

11% 

1% 
1% 
1% 
1% 

y2 
yi6 

% 

% 

15 

55.0 
50.0 
45.0 
42.9 

584 

5% 

5y2 

% 
»A6 

'Ae 

%6 

BA8 

y* 
y4 

%6 

3y2 
3y2 
syj 
3y2 

% 
% 
% 

¥8 

i2y2 
i2y2 
i2y2 
i2y2 

ly* 
iy4 
ly* 
ly* 

% 
% 

y4 

% 

15 

37.3 

6% 

%6 

sAe 

3y2 

%6 

i2y4 

1% 

H 

% 
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STRUCTURAL    DETAILS 


STANDARD  GAGES  AND  DIMENSIONS  FOR  BEAMS 


•1 


A 


1 


-4 f.. 


Nominal  dimensions  are: — flange  widtli  and  "o"  in  eighths,  web  thickness 
in  si.\teenths.  Gages  for  connection  angles  arc  determined  by  }4  web  tliickness. 
Standard  gages  may  be  varied  if  conditions  require. 


Depth 

of 
Beam 

Weight 
Foot 

Flange 
Width 

Web 
Thick- 
ness 

1  2  Web 
Thick- 
ness 

Gage 
g 

Grip 
P 

Distance 

Max. 
Rivet  in 
Flange 

f 

0 

h 

In. 

Lbs. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

12 

.55.0 
50.0 
45.0 
40.8 

5% 
5^ 
5% 

5^4 

1%6 

Td8 

% 
^i« 

y* 

sy™ 
3y. 

3 
3 

% 

9y4 

9y4 
9y4 
9y4 

1% 
1% 

1% 
1% 

ya 

% 

%6 

% 

12 

35.0 
31.8 

f 

% 

%6 

3 
3 

O/l.i 

9% 
9% 

lys 
lys 

¥i« 

yt 

% 

12 

27.9 

6 

%a 

ys 

3 

yifl 

9y. 

i»/t 

yt« 

% 

10 

40.0 
35.0 
30.0 
25.4 

5Vb 
5 

4% 
4% 

% 

%8 

% 
y* 

2% 
2% 
2% 
2% 

y^ 
y2 
y2 
ya 

8 
8 
8 
8 

Via 

% 
y* 

'  y4 

10 

22.4 

5% 

y* 

ys 

2% 

% 

7% 

lys 

%« 

% 

9 

35.0 
30.0 
25.0 
21.8 

4% 
4% 

4% 

% 

%6 

% 
y* 

%8 

ys 

2^ 
2^ 
2y2 

2yo 

y2 

7 
7 
7 
7 

yi6 

•y4 

8 

25.5 
23.0 
20.5 
18.4 

4Vi 

4V8 

4y. 

Tie 

% 

y* 

y* 

8/18 

ys 

2y4 
2y4 
2y4 
2y4 

y2 
yi8 

-'A  6 
Vie 

ey* 
6y4 
6y4 
6y4 

I 

% 

%a 

■"/IB 

yt 

yi8 

% 

8 

17.5 

5 

V* 

y« 

2yi 

% 

6 

1 

•Yio 

% 

7 

20.0 
17.5 
15.3 

3% 
3% 
3% 

y* 

1/4 

2Vi 

2y4 
2y4 

% 
% 

5y4 
5y4 
5y4 

% 

78 

■Ha 

y4 
yi8 

■?& 

6 

17.25 
14.75 
12.5 

3% 

3V2 

3% 

■lie 
% 

y* 

y* 

>/i 

2 
2 
2 

% 
% 
% 

41^ 

4V2 

4V^ 

% 

^a 

y* 

%8 

% 

5 

14.75 
12.25 
10.0 

3% 
3 

y2 

%6 

1% 
1% 
1% 

% 
% 
% 

sys 

3ya 

3y2 

% 
% 
% 

%8 

y4 

%6 

ya 

4 

10.5 
9.5 
8.5 
7.7 

2% 
2% 
2% 
2% 

% 
y* 

%6 

ly^ 

lys 

%8 
%8 
%8 
%8 

2% 
294 

% 
% 
% 
% 

y4 
yt 

%8 
%8 

v^ 

3 

7.5 
6.5 

5.7 

2% 

y* 

ys 
yi8 

1% 

%6 

1% 
1% 
1% 

% 
% 
% 

y4 
ys 

'J's 
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CARNEGIE    STEEL    COMPANY 


STANDARD  GAGES  AND  DIMENSIONS  FOR  CHANNELS 


«^i         r^ 


Nominal  dimensions  are: — flange  width  and  "o"  in  eighths,  web  tliickness 
in  sixteenths.     Gages  for  connection  angles  are  determined  by  web  thickness. 
Standard  gages  may  be  varied  if  conditions  require. 
Gages  for  channels  in  riveted  channfel  colimins  are  given  on  pages  277  to  287 


Depth 

of 

Channel 

Weight 

Flange 

Web 
Thick- 
ness 

^2  Web 
Thick- 
ness 

Gage 

Grip 

Distance 

Max. 
Rivet  in 
Flange 

Foot 

Wiath 

g 

P 

f 

0 

h 

In. 

Lbs. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

55.0 

3V8 

i%e 

%6 

2y2 

1^6 

121,4 

1% 

ys 

50.0 

3% 

H4c 

% 

2y2 

liAs 

i2y4 

1% 

i%e 

15 

45.0 

3% 

% 

%« 

2 

% 

12% 

1% 

iyi8 

7'., 

40.0 

3yo 

V2 

y* 

2 

% 

12V4 

1% 

9A8 

VS 

35.0 

3^e 

%6 

%0 

2 

% 

i2y4 

1% 

V2 

33.0 

3% 

% 

%8 

2 

% 

12% 

1% 

V2 

50.0 

4% 

I8A0 

% 

3 

%o 

loy^ 

ly* 

Vs 

45.0 

41/4 

1^« 

%0 

2% 

%« 

10V2 

liA 

% 

13 

40.0 

4y8 

»A6 

^4 

2% 

»Aa 

loya 

iy4 

% 

% 

37.0 

4:Va 

V2 

^4 

2y2 

»A6 

loy. 

ly* 

%« 

35.0 

4^8 

-'An 

y* 

2y2 

%o 

loy. 

iy4 

y2 

31.8 

4 

% 

%6 

2M. 

»A6 

ioy2 

iy4 

%6 

40.0 

3% 

% 

% 

2 

% 

10 

1 

1%« 

35.0 

3% 

% 

%« 

2 

% 

10 

1 

iyi8 

12 

30.0 

3^8 

ya 

y4 

1% 

y2 

10 

1 

%e 

Vs 

25.0 

3 

% 

%6 

1% 

y2 

10 

1 

^Atf 

20.7 

3 

% 

ys 

1% 

y2 

10 

1 

% 

35.0 

3i,fe 

1%0 

%0 

1% 

y2 

8y4 

% 

Vs 

30.0 

3 

i^u 

%6 

1% 

y2 

8V4 

''/» 

% 

10 

25.0 

2y8 

Vi 

% 

1% 

y2 

sy* 

Vs 

'Ae 

% 

20.0 

2% 

% 

%« 

ly^ 

%« 

sy* 

Vs 

yi6 

15.3 

2% 

M 

Vi 

iy2 

'Ae 

sy* 

Vs 

%8 

25.0 

2% 

% 

%o 

iy2 

y2 

7y4 

% 

iiAc 

9 

20.0 

2% 

%« 

% 

iy2 

y2 

7M 

Vs 

y2 

% 

15.0 

2yo 

••A<s 

ys 

1% 

%0 

7V4 

Vs 

% 

13.4 

2% 

% 

ys 

1% 

%e 

7y4 

ys 

%6 

21.25 

2% 

»Ao 

^G 

iy2 

%o 

614 

Vs 

Hia 

18.75 

2yo 

M; 

% 

IH' 

%o 

6V4 

Vs 

'Ac 

8 

16.25 

2% 

% 

%0 

iy2 

%« 

61,4 

Vs 

y2 

% 

13.75 

2% 

5/1  a 

^fe 

1% 

% 

614 

Vs 

% 

11.5 

2Vi 

H 

ys 

1% 

% 

61,4 

Vs 

%c 

19.75 

2y2 

% 

%6 

iy2 

%« 

5y2 

% 

lyic 

17.25 

2% 

ya 

% 

iy2 

%8 

5y2 

% 

'Aa 

7 

14.75 

2Vi 

%o 

sAo 

iH 

%8 

51/2 

% 

ya 

% 

12.25 

2Vi 

%6 

%6 

H4 

% 

5y2 

% 

% 

9.8 

2\k 

%6 

ys 

lyt 

% 

5y2 

% 

%G 

15.5 

2Vi 

%8 

M 

1% 

% 

4y2 

% 

% 

6 

13.0 

2Vi 

'Ab 

y* 

1% 

% 

4y2 

% 

V2 

% 

10.5 

2 

%6 

%« 

lys 

% 

4y2 

% 

% 

8.2 

lys 

%6 

ys 

lys 

%« 

41/2 

% 

Vi 

11.5 

2 

y2 

y* 

lys 

5Ao 

3y4 

% 

9A8 

.5 

9.0 

lys 

%6 

%0 

lys 

%8 

3% 

% 

% 

y2 

6.7 

1% 

%« 

ys 

lys 

%6 

3% 

% 

y4 

7.25 

1% 

%0 

%8 

1 

%6 

2% 

% 

% 

4 

6.25 

1% 

y* 

ys 

1 

%8 

2% 

% 

%8 

y^ 

5.4 

1% 

%« 

yio 

1 

%« 

2% 

% 

y4 

6.0 

1% 

% 

%6 

% 

Va, 

1% 

% 

%c 

3 

5.0 

iy2 

y4 

ys 

•Vs 

H 

1% 

% 

■Ha 

y2 

4.1 

1% 

%0 

Vie 

Vs 

yi 

1% 

% 

y4 

STRUCTURAL   DETAILS 


BEAM  CONNECTIONS 


27" 


■oV::- 


IT! 


±1 


■6-T © 

ml 
•-»^--  -© 

-»  i © 

-s-5---  -© 

-»-t---  -© 

co;  ^ 

^--  ^ 


2D4'x  4'x  Vs'x  1-3' i" 
Weight  46  lbs. 


2U4"x4"x  V/xl'-2'/f 
Weight  33  lbs. 


12" 


rSVi" 


2'// 


-  -o 


2L'4x4''xy(o"xO-8'// 
Weight  17  lbs. 


7,"    6,"   5" 


.-51/2-, 


2'//2',4" 


2U6x4"x  •"n"x  O-3" 
Weight  7  lbs. 


2U4"x4"x  VL>"x  1-5'/ 
Weight  39  lbs. 

20,"    18,"    15" 

Kl'"  21^" 


1^ 

"cc 

.-1 

1 

-v,_,__ 

1 — I 

2U4"x  4"x  '^'x  0-11'// 
Weight  23  lbs. 

10,"    9,"    8" 

21/2"  2'4" 


2D6"x4"x%"x0'5'// 
Weight  13  lbs. 


rSVai 


4;    3" 
.      2'/2"2'// 


2L"6  x4  X  %"x0-2 
Weight  5  lbs. 


Rivets  and  bolta  ^4  "  diameter. 

Weights  given  are  for  j4-inch  shop  riveta  and  angle  connections;  about  20  per  cent  should 
be  added  for  field  rivets  or  bolts. 
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CARNEGIE    STEEL    COMPANY 


BEAM  CONNECTIONS— Concluded 


Limiting  Values  of  Beam  Connections 


earns 

Value  of 

Web 

Connection 

Values  of  Outstanding  Legs  of  Connection  Angles 

IB 

Field  Rivets 

Field  Bolts 

Depth, 
Inches 

Weight 

Pounds 

per 

Foot 

Shop  Rivets 

in  Enclosed 

Bearing, 

Pounds 

%"  Rivets  or 

Turned  Bolts, 

Single  Shear, 

Pounds 

Minimum 

Allowable 

Span  in  Feet, 

Uniform  Load 

t. 
In. 

Rough  Bolts, 

Single  Shear, 
Pounds 

Minimum 

Allowable 

Span  in  Feet, 

Uniform  Load 

t. 
In. 

27 

90.0 

82530 

61900 

18.9 

% 

49500 

23.6 

% 

24 

79.9 
74.2 

67500 
64260 

53000 
53000 

17.5 
16.4 

% 
% 

42400 
42400 

21.9 
20.4 

% 
% 

21 

60.4 

48150 

44200 

14.2 

% 

35300 

17.8 

% 

20 

65.4 

45000 

35300 

17.6 

% 

28300 

22.1 

% 

18 

54.7 

41400 

35300 

13.3 

% 

28300 

16.7 

% 

48.2 

34200 

35300 

12.8 

%6 

28300 

15.4 

% 

42.9 

36900 

35300 

8.9 

Wh 

28300 

11.1 

% 

37.3 

29880 

35300 

9.7 

y-2 

28300 

10.2 

%6 

12 

31.8 

23600 

26500 

8.1 

9/i« 

21200 

9.0 

% 

27.9 

19170 

26500 

9.2 

■'h^ 

21200 

9.2 

Va 

10 

25.4 

27900 

17700 

7.4 

% 

14100 

9.2 

% 

22.4 

22680 

17700 

6.8 

% 

14100 

8.6 

% 

9 

21.8 

26100 

17700 

5.7 

% 

14100 

7.1 

% 

18.4 

24300 

17700 

4.3 

% 

14100 

5.4 

% 

17.5 

19800 

17700 

44 

% 

14100 

5.5 

% 

7 

15.3 

11300 

8800 

6.2 

% 

7100 

7.8 

% 

6 

12.5 

10400 

8800 

4.4 

% 

7100 

5.5 

% 

5 

10.0 

9500 

8800 

2.9 

% 

7100 

3.6 

% 

4 

7.7 

8600 

8800 

2.2 

%e 

7100 

2.7 

% 

3 

5.7 

7700 

8800 

1.3 

V-2 

7100 

1.4 

% 

Allowable  Unit  Stress  in  Pounds  per  Square  Inch 


Rivets Shop  12000 

Single  Rivetg  ^nd  Turned  Bolts. .  .Field  10000 
Rough  Bolta Field     8000 


Bearing 


Rivets— enclosed Shop  30000 

Rivets— one  side Shop  24000 

Rivets  and  Turned  Bolts.  Field  20000 
Rough  Bolts Field   16000 


t=Web  thickness,  in  bearing,  to  develop  max.  allowable  reactions,  when  beams  frame  opposite. 

Connections  are  figured  for  bearing  and  shear  (no  moment  considered). 

The  above  values  agree  with  tests  made  on  beams  under  ordinary  conditions  of  use. 

Where  web  is  enclosed  between  connection  angles  (enclosed  bearing),  values  are  greater  because 
of  the  increased  efficiency  due  to  friction  and  grip. 

Special  connections  shall  be  used  when  any  of  the  limiting  conditions  given  above  are  exceeded— 
such  as  end  reaction  from  loaded  beam  being  greater  than  value  of  connection;  shorter  span  with 
beam  fully  loaded;  or  a  less  thickness  of  web  when  maximum  allowable  reactions  are  used. 
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STRU 

CTURAL 

DETAILS 

BEAM  SEPARATORS 

AMERICAN     BRIDGE     COMPANY     STANDARD 

Beams 

Separator 

%"  Bolts     1 

S3  S 

S 

Dimensions 

0 

5tS 

„'5 

8 

■3 

Weight 

per  Foot, 

Pounds 

0  c 

c2 

J3 

.U)T3 
■  -T3 

S 

J3 

Diagrams 

w 

h 

d 

t 

24 

°5 
"0 

In. 

In. 

In. 

In 

31 

be 

a 

.■|k 

115-110-105.9 

m 

16M8 

20 

12 

3^6 

XOVi 

3.4 

0.25 

. 

100 

8 

15J^:7M'20 

12 

Ys 

28 

3.6 

10 

3.2 

0.25 

24 

95  and  90 

8 

15M 

7k:20 

12 

% 

28 

3.6 

10 

3.2(0.251 

85 

8 

15M 

734120 

12 

% 

29 

3.6 

93^ 

3.1  0.25 

79.9 

8 

15 

71420 

12 

y% 

29 

3.6 

9H 

3.1  0.25' 

100  and  95 

8 

15M 

7      16 

12 

y% 

22 

2.9 

10 

3.2  0.25 

^ 

20 

90 

73^ 

14M 

6k 

16 

12 

% 

22 

2.9 

Wi 

3.1  0.25 

, , 

85  and  81.4 

7M 

14M 

6k 

16 

12 

% 

22 

2.9 

9 

3.0  0.25 

>- 

75 

7H 

14 

6k 

16 

12 

ys 

22 

2.9 

9 

3.0  0.25 

~T' 

20 

70 

7 

13^61^16 

12 

H 

21 

2.9 

9 

3.0  0.25 

r 

1      L_ 

65.4 
90 

7 
8 

13Mi63416 

15M|7      14 

12 
9 

ys,2i 
ysko 

2.9 
2.5 

8M 
10 

3.0  0.25 
3.20.25 

Hie 

-b  IVs" 

si 

18 

85  and  80 

8 

151^7^14 

9     ^21 

2.5 

10 

3.2  0.25 

1     ;    ! 

75.6 

8 

15 

7M 

14 

9     ^21 

2.5 

10 

3.2  0.25 

^' 

1 

— 

70  and  65 

7 

13}< 

6k 

14 

9     ^ 

18 

2.5 

9 

3.0  0.25 

QX  — 

Jk.. 

— 

.. 

18 

60 

7 

13M 

6H 

14 

9     Vs 

19 

2.5 

834 

3.0  0.25 

^-^ 

~ 

54.7 

7 

7 

13 

6>4 

14 

9     Vs 

19 

2.5 

8J^ 

3.0  0.25 

'i.'. 

1 1 

__v 

75 

13M 

6 

73434 

12 

1.6 

9 

3.0  0.25 

1  '"     1 

15 

70  and  65 

7 

13M 

6k 

73434 

12 

1.6 

9 

3.0  0.25 

%      J 

.____„_____J 

60.8 

6J^ 

12J^ 

5k 

734  H 

11 

1.6 

8 

2.7  0.25 

1%'    "        "         ' 

55 

6J^ 

12K 

5k 

7J^34 

11 

1.6 

8 

2.7  0.25 

%"  Cored  Holes 

15 

50  and  45 

6H 

12k  6 

7H 

34 

12 

1.6 

8 

2.7  0.25 

42.9 

6M 

12      6 

7^ 

34 

12 

1.6 

8 

2.7  0.25 

12 

55 

6 

11?^  5k 

8k 

5 

34 

9 

1.3 

8 

2.7 

0.25 

50 

6 

UMSk 

8k 

5 

34 

9 

1.3 

8 

2.7 

0.25 

45 

6 

Ilk 

5k 

8k 

5 

34 

9 

1.3 

7^ 

2.6  0.25 

12 

40.8  and  35 

6 

Ilk 

5^2 

8k 

5 

3^ 

9 

1.3 

7^ 

2.6|0.25 

— 

31.8 

6 

11 

5H 

8k 

5 

M 
^ 

9 

1.3 

7H 

2.6j0.25 

40          \5V2lOHAH 

7H 

6 

TT 

7^ 

1.3  0.13 

10 

35 

5H  10H,4MI 

yvi 

34 

6 

1.1 

7 

1.3!0.13 

30 

5M 

10^5     1 

7H 

H 

7 

1.1 

7 

1.3  0.13 

25.4 

bVi 

10 

5 

7H 

3^ 

7 

1.1 

7 

1.30.131 

/is'               iW 

35 

5 

10 

4k 

GVi 

34 

5 

0.9 

7 

1.3'0.13 

rx,,        r"; 

9 

30 
25 

5 
5 

9}^ 
9H 

4k 
434 

634 
6^ 

34 
34 

5 
5 

0.9 
0.9 

6H 
6J^ 

1.2  0.13 
1.2  0.13 

;  II  V» 

1    1                    1 

1; 

: 

f 

1 

21.8 

5 

9k 

4J^ 

6H 

M 

5 

0.9 

6M 

1.210.13 

<!i" 

n 

1 

25.5 

4^ 

9 

4 

634 

34 

4 

0.8 

6 

1.1  0.13 

^- 

— 

-- 

JS. 

8 

23 

4J^ 

8k 

4 

534 

^ 

4 

0.8 

6 

1.1 

0.13 

^\ 

; 

20.5  and  18.4 
20 

4H 
4H 

^H 

4 

5M 
5 

34 
34 

4 
4 

0.8 
0.7 

6 
6 

1.1 
1.1 

0.13 
0.13 

i 

X 

8H4 

7 

17.5 

4^ 

8k'4 

5 

34 

4 

0.7 

6 

1.1  0.13|. 

tL_  4    L--.W i 

15.3 

4J^ 

8k  4k 

5 

34 

4 

0.7 

6 

l.lj 

0.13 

l'3f6 

17.25 

4 

7k  3H 

4^ 

H 

4 

0.6 

5H  1.1 

0.13 

Yi"  Cored  Hole 

6 

14.75 

4 

7J^3H 

434 

34 

4 

0.6 

bVi  1.1 

0.13 

12.5 

4 

7H\3H 

4>^l          1 

34 

4 

0.6 

bVi  1.1 

0.13 

For  5",  4"  and  3"  beama,  use  1"  gas  pipe  3>i",  3' 

'  and  2k"  long  respectively. 
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CARNEGIE  STEEL   COMPANY 


TIE  RODS  AND  ANCHORS 


AMERICAN     BRIDGE     COMPANY     STANDARD 


2V2toV/2  y/toiv^" 


f ^ >, 


c.  to  c.  of 


M  INCH  TIE  RODS 


Lengths  and   Weights  for  Various    Distances  C.  to  C.  of  Beams 
Weights  include  two  Nuts 


C.  to  C. 

Length 

Weight 

C.  to  C. 

Lengthy  Weight 

C.  to  C. 

Length 

Weight 

C.  to  C.|  Length 

Weight 

Ft.-In. 

Ft.-In. 

Poimds 

Ft.-In. 

Ft.-In. 

Pounds 

Ft.-In. 

Ft.-In. 

Pounds 

Ft.-In. 

Ft.-In. 

Pounds 

1-0 

1-3 

2.30 

1-3 

1-6 

2.67 

1-6 

1-9 

3.05 

1-9 

2-0 

3.42 

2-0 

2-3 

3.80 

2-3 

2-6 

4.17 

2-6 

2-9 

4.55 

2-9 

3-0 

4.92 

3-0 

3-3 

5.30 

3-3 

3-6 

5.67 

3-6 

3-9 

6.05 

3-9 

4-0 

6.42 

4-0 

4-3 

6.80 

4-3 

4-6 

7.17 

4-6 

4-9 

7.55 

4-9 

5-0 

7.92 

5-0 

5-3 

8.30 

5-3 

5-6 

8.67 

5-6 

5-9 

9.05 

5-9 

6-0 

9.42 

6-0 

6-3 

9.80 

6-3 

6-6 

10.17 

6-6 

6-9 

10.55 

6-9 

7-0 

10.92 

7-0 

7-3 

11.30 

7-3 

7-6 

11.67 

7-6 

7-9 

12.05 

7-9 

8-0 

12.42 

8-0 

8-3 

12.80 

8-3 

8-6 

13.17 

8-6 

8-9 

13.55 

8-9 

9-0 

13.92 

ANCHOR.S 


Swedge  Bolt 


Government  Ax   aoB 


"o~r^^r^":n 


Weight  includes  Nut 


2 


L 


Diameter    |        Length        !      Weight 

Inches      j    Feet -Inches 

Pounds 

H                   0-9 

Vs        1            1-0 
1.                       1-0 
l}4                1-3 

1.3 
2.3 
3.1 
6.1 

Built-In  Anchor  Bolts 


i"  Rod  1'9"  long.    Wt.,31 
Angle  Anchor 


6"x  %"x  I 
^_^  Plates 


When  center  to  center  of  anchors  is  less  than 
width  of  washer,  use  washer  with  two  holes. 


2  Angles  6"  x  4"  x'An"  x  0'  2J^" 
Weight  with  %"  bolts,  7  lbs. 
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STRUCTURAL  DETAILS 


BEARING  PLATES 

The  size  and  thickness  of  steel  bearing  plates  depend  on  the  end 
reaction,  length  of  bearing,  and  unit  pressure.      The  following  table 
gives  sizes  for  beams  of  usual  spans,  the  allowable  safe  loads  in  thousands 
of  pounds  and  the  span  of  beams  giving  equivalent  end  reactions. 
Standard  Bearing  Plates 


Beam 

is 

Bearing  Plate 

Lim. 
Span 

Beam         m 

Bearing  Plate 

Lim. 

1  Wt, 

ThL"    Safe 
^^-   Load 

Wt.,  1  g  J 

1 

Span 

Depth,"  Lbs. 
In.        per 

r 

Size, 
In. 

of 

Beam, 

Ft. 

Depth, 
In. 

Lbs.  ICQ  c 
per     = '"' 
Ft.     1 

Size,      Wt., 
In.       Lbs. 

Max. 
Safe 
Load 

of 

Beam, 

Ft. 

27 

90.0      16 

16x16x1 

73    48.8 

24.0 

10 

25.4  1    8  ll2x8xM  21 

13.1 

9.9 

24 

79.9      16 

16x16x1 

73 

37.9 

24.5 

9 

21.8  ■    8  ,12x8x5^ 

17 

8.7 

11.& 

21 

60.4      16 

16x16x1 

73 

44.0 

14.2 

8 

18.4  i    8      8x8x^ 

12 

16.7 

4.5 

20    65.4 

16 

16x16x1 

73 

35.0 

17.8 

7 

15.3      8 

8x8x^ 

12 

15.4 

3.6- 

18  ;54.7 

16 

16x16x1 

73 

34.1 

13.8 

6 

12.5      6 

6x6xJ^     5 

12.0 

3.2 

15    60.8 

16 

16x16x1 

73 

34.1 

12.6 

5 

10.0      6 

6x6x}^     5 

10.7 

2.4 

15  |42.9 

12 

16x12x1  1  55 

24.4 

12.9 

4 

7.7       4 

4x4xJ^i    2 

9.0 

1.8 

12    31.8      12 

12x12x34   31 

20.6 

9.3 

3 

5.7       4 

4x4x3^1     2 

7.2 

1.3 

Allowable  loads  given  for  standard  beams  will  apply  also  to  supplementary 
and  other  beams  of  equal  depth  and  end  reactions. 

Plates  of  special  sizes  may  be  taken  from  the  table  of  projection 
coefficients  given  below,  calculated  from  the  following  formula.       Let 
A  =length  of  bearing  plate,  in  inches. 
B  =width  of  bearing  plate,  in  inches. 
t  =thickness  of  bearing  plate,  in  inches, 
b  =flange  width  of  beam,  in  inches. 
R  ^reaction  on  bearing  plate,  in  pounds. 
w  =R-^AxB,  allowable  unit  pressure  on  masonry. 


M= 


b  *- 
R(B— b)       wAB(B— b) 


=  fS  = 


fAtf 
6    • 


4ft^ 

B(B— b)  =  ^  ,  or  when,  f  =  16000, 


B  (B— b)  = 


64000  t2 
3w 


the  same  as  the  formula  for  rolled  steel  slabs,  page  245. 


Rule  : — Take  from  table  on  following  page  t  he  proper  size  bearing  plate 
for  the  reaction  and  unit  pressure.  Mult  iply  the  width  of  the  plate  by  the 
width  minus  the  width  of  the  beam  flange  and  select  from  the  table  below 
the  thickness  corresponding  to  the  value  for  the  given  unit  pressure. 

Projection  Coefficients 


Unit 
Pressure 
Lbs.per 
Sq.  In. 

Thickness  of  Bearing  Plates,  in  Inches 

,    %       ^\    % 

% 

% 

1 

iy& 

m 

l%\  IH 

Ws 

\% 

m 

2 

75 

40.0  71.1:111.1 

160 

218 

284 

360 

444 

538    640 

751 

871 

1000 

11.38 

100 

30.0'53.3l  83.3 

120 

163 

213 

270 

333 

403    480 

563 

653 

^^^o 

S.-iS 

125 

.24.042. 7;  67.7 

96 

131 

171 

216 

267 

323    384 

451 

523 

(iOO 

683 

150 

20.0:35.6 

55.6 

80 

109 

142 

180 

222 

269    320 

376 

436 

.-)()() 

569 

175 

17.1 

30.5 

47.6 

69 

93  1  122 

154 

190 

230    274 

322 

373 

429 

488 

200 

15.0 

26.7 

41.7 

60 

82 

107 

135 

167 

202  1  240 

282 

327 

375 

427 

250 

12.0 

21.3 

33.3 

48 

65 

85 

108 

133 

161     192 

225 

261 

300 

341 

300 

10.0 

17.8 

27.8 

40 

54 

71 

90 

111 

134    160 

188 

218 

2.50 

284 

350 

8.6 

15.2 

23.8 

34 

47 

61 

77 

95 

115    137 

161 

187 

214 

244 

400 

7.5 

13.3 

20.8 

30 

41 

53 

68 

83 

101     120 

141 

163 

188 

213 
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Cfi 

lRNEQIE 

STEEL    COMPANY 

BEARING  PLATES 

Safe  Resistance  in  Thousands  of  Pounds 

Wall 
Bear- 

Bearing Plates 

Pressure 

in  Pounds  per 

Square  Inch 

ing, 
Inches 

Length 
Inches 

Width, 
Inches 

75 

100 

125 

150 

175 

200 

250 

300 

350 

400 

4 

4 

4 

1.2 

1.6 

2.0 

2.4 

2.8 

3.2 

4.0 

4.8 

5.6 

6.4 

4 

4 

6 

1.8 

2.4 

3.0 

3.6 

4.2 

4.8 

6.0 

7.2 

8.4 

9.6 

4 

4 

8 

2.4 

3.2 

4.0 

4.8 

5.6 

6.4 

8.0 

9.6 

11.2 

12.8 

6 

6 

6 

2.7 

3.6 

4.5 

5.4 

6.3 

7.2 

9.0 

10.8 

12.6 

14.4 

6 

6 

8 

3.6 

4.8 

6.0 

7.2 

8.4 

9.6 

12.0 

14.4 

16.8 

19.2 

6 

6 

10 

4.5 

6.0 

7.5 

9.0 

10.5 

12.0 

15.0 

18.0 

21.0 

24.0 

8 

8 

8 

4.8 

6.4 

8.0 

9.6 

11.2 

12.8 

16.0 

19.2 

22.4 

25.6 

8 

8 

10 

6.0 

8.0 

10.0 

12^0 

14.0 

16.0 

20.0 

24.0 

28.0 

32.0 

8 

8 

12 

72 

9.6 

12.0 

14.4 

16.8 

19.2 

24.0 

28.8 

33.6 

38.4 

10 

10 

10 

7.5 

10.0 

12.5 

15.0 

17.5 

20.0 

25.0 

30.0 

35.0 

40.0 

10 

10 

12 

9.0 

12.0 

15.0 

18.0 

21.0 

24.0 

30.0 

36.0 

42.0 

48.0 

10 

10 

14 

10.5 

14.0 

17.5 

21.0 

24.5 

28.0 

35.0 

42.0 

49.0 

56.0 

12 

12 

12 

10.8 

14.4 

18.0 

21.6 

25.2 

28.8 

36.0 

43.2 

50.4 

57.6 

12 

12 

14 

12.6 

16.8 

21.0 

25.2 

29.4 

33.6 

42.0 

50.4 

58.8 

67.2 

12 

12 

16 

14.4 

19.2 

24.0 

28.8 

33.6 

38.4 

48.0 

57.6 

67.2 

76.8 

14 

14 

14 

14.7 

19.6 

24.5 

29.4 

34.3 

39.2 

49.0 

58.8 

68.6 

78.4 

14 

14 

16 

16.8 

22.4 

28.0 

33.6 

39.2 

44.8 

56.0 

67.2 

78.4 

89.6 

14 

14 

18 

18.9 

25.2 

31.5 

37.8 

44.1 

50.4 

63.0 

75.6 

88.2 

100.8 

14 

14 

20 

21.0 

28.0 

35.0 

42.0 

49.0 

56.0 

70.0 

84.0 

98.0 

112.0 

16 

16 

16 

19.2 

25.6 

32.0 

38.4 

44.8 

51.2 

64.0 

76.8 

89.6 

102.4 

16 

16 

18 

21.6 

28.8 

36.0 

43.2 

50.4 

57.6 

72.0 

86.4 

100.8 

115.2 

16 

16 

20 

24.0 

32.0 

40.0 

48.0 

56.0 

64.0 

80.0 

96.0 

112.0 

128.0 

16 

16 

22 

26.4 

35.2 

44.0 

52.8 

61.6 

70.4 

88.0 

105.6 

123.2 

140.8 

18 

18 

18 

24.3 

32.4 

40.5 

48.6 

56.7 

64.8 

81.0 

97.2 

113.4 

129.6 

18 

18 

20 

27.0 

36.0 

45.0 

54.0 

63.0 

72.0 

90.0 

108.0 

126.0 

144.0 

18 

18 

22 

29.7 

39.6 

49.5 

59.4 

69.3 

79.2 

99.0 

118.8 

138.6 

158.4 

18 

18 

24 

32.4 

43.2 

54.0 

64.8 

75.6 

86.4 

108.0 

129.6 

151.2 

172.8 

20 

20 

20 

30.0 

40.0 

50.0 

60.0 

70.0 

80.0 

100.0 

120.0 

140.0 

160.0 

20 

20 

22 

33.0 

44.0 

55.0 

66.0 

77.0 

88.0 

110.0 

132.0 

154.0 

176.0 

20 

20 

24 

36.0 

48.0 

60.0 

72.0 

84.0 

96.0 

120.0 

144.0 

168.0 

192.0 

20 

20 

26 

39.0 

52.0 

65.0 

78.0 

91.0 

104.0 

130.0 

156.0 

182.0 

208.0 

:22 

22 

22 

36.3 

48.4 

60.5 

72.6 

84.7 

96.8 

121.0 

145.2 

169.4 

193.6 

22 

22 

24 

39.6 

52.8 

66.0 

79.2 

92.4 

105.6 

132.0 

158.4 

184.8 

211.2 

22 

22 

26 

42.9 

57.2 

71.5 

85.8 

100.1 

114.4 

143.0 

171.6 

200.2 

228.8 

22 

22 

28 

46.2 

61.6 

77.0 

92.4 

107.8 

123.2 

154.0 

184.8 

215.6 

246.4 

24 

24 

24 

43.2 

57.6 

72.0 

86.4 

100.8 

115.2 

144.0 

172.8 

201.6 

230.4 

24 

24 

26 

46.8 

62.4 

78.0 

93.6 

109.2 

124.8 

156.0 

187.2 

218.4 

249.6 

24 

24 

28 

50.4 

67.2 

84.0 

100.8 

117.6 

134.4 

168  0 

201.6 

235.2 

268.8 

24 

24 

30 

54.0 

72.0 

90.0 

108.0 

126.0 

144.0 

180.0 

216.0 

252.0 

288.0 
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.     STRUCTURAL  DETAILS 


DETAILS  FOR  PUNCHING  AND  RIVETING 

AMERICAN    BRIDGE    COMPANY    STANDARD 

CONVENTIONAL  SIGNS  FOR  RIVETING 


Shop  Rivets 

Field  Rivets 

"5  « 

o  1 

Countersunk 
and  chipped 

1 
1 

Countersunk 
and  chipped 

Near  side 
F'ar  aide 
Both  aidea 

Near  side 
Far  aide 
^h  aidea 

■Hi-^-^-<^- ®  -  f-^-® -if]^ 

Shop  Rivets 


Countersunk  but 

not  chipped    ,, 

Max.  height.  V^ 


2   I     iS 


Flattened 
„to  Yi'  high 
/omid^jl^lJRiveta 


Flattened 

to%    high 

%.'L  '^/s"l"R'vet3 


tS      [^ 


M'^-0'0-^--0'-:0-<B  ikf' 


■^^ 


I    T"l~  t 


-E&" 


-d;.-, 


■^^ 


"V — 1 — ^ — ^P — '^^f^' — ''f 
GAGES  FOR  ANGLES,  INCHES 


^ 


^ 


Ug 

8 

7     6 

5 

4 

3H 

3 

2>2 

2 

1M;1H 

m 

IM 

1 

% 

gl 

g2 

ga 

4H 
3 
3 

4   3H 
2}^2H 
3    2M 

3 
2 

IM 

2J^ 

2 

m 

1^ 

IJi 

1 

Vs 

Vs 

H 

% 

y. 

Max.  rivet 

13^ 

1     K 

K 

% 

% 

% 

M 

^ 

Vz 

Vs 

Vs 

% 

H 

Ya, 

I.g2;^g3j 


For  column  details,  6"  leg  (J^  inch  thick  or  less)  against  column  shaft,  g^  =  1^",  g8  =  3". 
For  diagonal  angles,  etc.,  gage  in  middle,  where  riveted  leg  equals  or  exceeds  3"  for  %  "  rivets 
3J^"  for  J/g"  rivets. 

Use  special  gages  to  adapt  work  to  multiple  punch,  or  to  secure  desirable  details. 


CLEARANCE   FOR 
WEB  RIVETING 


^'■1^    For_% 


RIVETS  IN 
CRIMPED  ANGLES 


STANDARD 
RIVET  DIES 


n 


Distance  z  should  be  IH"  plus  thickness 
of  chord  angles,  but  never  less  than  2". 


2vcl_':.%_".__:"-. 

8"i  •■   IVfe"     " 


OUBARANCE  FOR  COVER  PLATE  RIVETING 


d   d 


DimeasioQs  in  Inches 


e 
d 

f 
d 

2ii 

0 
2H 

1 

2M 

_1_ 

2H 

2 

23^ 

2 

2H 
2^ 
2 

3 

2H 
0 

3H 
3 

4 
3>^ 

4H 
3H 

5 

3M 

5^ 
3M 

6 

3^ 
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CARNEGIE  STEEL   COMPANY 


RIVET   SPACING 

AMERICAN    BRIDGE   COMPANY   STANDARD 

MINIMUM  STAGGER  FOR  RIVETS 


•si 

Minimum  stagger, 

d, inches 

c,  inches 

s-l 

IVs 

1%6 

ly* 

1%6 

1% 

1%6 

iy2 

me 

1% 

11^6 

1% 

11%6 

1% 

11%6 

21^6 

2?4e 

2%8 

% 

isAe 

Vs 

"Ae 

11/46 

¥2 

5A6 

0 

% 

H4 

1%6 

IVs 

li/ie 

1%6 

% 

% 

%6 

% 

0 

78 

1^2 

1%6 

1% 

iyi6 

ly* 

1%6 

lys 

1 

1%6 

1%6 

% 

%6 

0 

1 

11%6 

1% 

mie 

1¥8 

1%6 

iy2 

iyi6 

1% 

l?i6 

1%6 

lys 

1 

ys 

% 

0 

IVs 

21^6 

2 

li%e 

li%e 

IVs 

li?ie 

1% 

11^6 

1% 

19/16 

lya 

1% 

i%8 

ly* 

1 

11^6 

0 

DISTANCE  CENTER  TO  CENTER   OP  STAGGERED  RIVETS 
Values  of  x  for  varying  values  of  a  and  b 


b, 
In. 

a,  Inches 

Vs 

1 

lys 

ly* 

1% 

iy2 

1% 

13A 

IVs 

2 

2y8 

21A 

23/8 

2yo 

lys 
ly* 
1% 
iy2 
1% 
1% 

F/s 
2 

2ys 
2y4 

2% 

2yo 

1%6 
1%6 

1% 
1% 

lys 

2^6 
23/18 

iy2 
1% 
iiyi6 

11%6 

lys 

2 
2Vs 

1%6 

1% 

lys 

2 

2yi6 

23/ifl 

iiyi6 
ly* 

IVs 

11%6 

2yi6 

2y8 

1% 

lys 

liHe 
2 

2y8 

23Afl 

IVs 

115A8 

2 

2y8 

23/16 

2 
2^0 

2y8 

28/lfl 

2V46 

2y8 

234fl 

23A« 

25A6 

2% 
2T46 

2y3 

2%  6 

2% 
28A 
21SA8 

215A6 

3 

sys 

33/16 

28/8 

2TA6 

2V2 

2y2 

29/i6 

2% 

21^8 

28A 

213A8 

278 

2l%6 

3 

sys 

33A6 

3y4 

38/8 
3%6 

2% 
2i3Ae 

278 

2i%e 
3 

31^6 

sys 

33A6 

3y4 

3% 

3%6 
3»A6 

2y4 

2%6 

23/s 

2y2 

2»A6 

2% 

21^6 
23/4 

278 

2iBAe 
3 

3V46 
33A6 

3y4 

3»/8 

2%6 
23/8 
2718 
2%  6 

2% 

2iyi« 

2% 

213A8 
215A6 

3 

3^6 
33A6 

3y4 

25A8 

23/8 

2y2 

2»/l8 

2%  8 

2% 

2y2 

2y4 

2% 

2TA6 

2%fl 

2%6 
2%8 

2y2 

2% 
23A 

21%6 
215A6 

3 

sys 

2^i 

25/16 

2v46 
2%fl 

2-%6 

2% 

2y2 

2y8 

2% 

2y8 

215A6 

3yi6 

2%6 

2yi6 

2¥8 

2"A« 
2ia/j„ 

2i%fl 

211A8 

2% 

2y8 

3 

2% 
234 

278 

|2% 

21^6 

213Afl 

2% 

2iiA« 

2% 

Values  below  and 
Values  below  and 


to  right  of 
to  right  of 


upper  zigzag  line  are  large  enough  for  J|"  rivets, 
lower  zigzag  line  are  large  enough  for  K"  rivets. 


MINIMUM   RIVET  SPACING 


f4-^-4-i 


Dia.  of  Rivet,  Inches 

yi  li 

H 

%    M 

% 

1 

IM 

X,  Minimum,  Inches. 

1 

iM 

IM 

2 

2M 

lYz 

3 

W% 

r^A 


£:^ 
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REDUCTION  OF  AREA  FOR  RIVET  HOLES 

Area  in  Square  Inclies=Diameter  of  Hole  by  Thickness  of  Metal 

Thickness 

Diameter  of  Hole  in  Inches 

of  Metal, 

Inches 

V* 

% 

«A6 

% 

i^ie 

% 

1%6 

% 

1%8 

1 

IVia 

IVs 

%8        .05 

.09 

.11 

.12 

.13 

.14 

.15 

.16 

.18 

.19 

,20 

.21 

Vi         .06 

.13 

.14 

.16 

.17 

.19 

.20 

.22 

.23 

.25 

.27 

.28 

%«     ,   .08 

.16 

.18 

.20 

.21 

.23 

.25 

.27 

.29 

.31 

.33 

.35 

%          .09 

.19 

.2i 

.23 

.26 

.28 

.30 

.33 

.35 

.38 

.40 

.42 

T4o       .11 

.22 

.25 

.27 

.30 

.33 

.36 

.38 

.41 

.44 

.46 

.49 

11'         .13 

.25 

.28 

.31 

.34 

.38 

.41 

.44 

.47 

.50 

.53 

.56 

»/i«       .14 

.28 

.32 

.35 

.39 

.42 

.46 

.49 

.53 

.56 

.60 

.63 

%         .16 

.31 

.35 

.39 

.43 

.47 

.51 

.55 

.59 

.63 

.66 

.70 

iM«      .17 

.34 

.39 

.43 

.47 

.52 

.56 

.60 

.64 

.69 

.73 

.77 

%         .19 

.38 

.42 

.47 

.52 

.56 

.61 

.66 

.70 

.75 

.80 

.84 

'%«  ,   .20 

.41 

.46 

.51 

.56 

.61 

.66 

.71 

.76 

.81 

.86 

.91 

%          .22 

.44 

.49 

.55 

.60 

.66 

.71 

.77 

.82 

.88 

.93 

.98 

i%6      .23 

.47 

.53 

.59 

.64 

.70 

.76 

.82 

.88 

.94 

1.00 

1.05 

1             .25 

.50 

.56      .63 

.69 

.75 

.81 

.88 

.94 

1.00 

1.06 

1.13 

nu  '  -27 

.53 

.60 

.66       .73 

.80 

.86 

.93 

1.00 

1.06 

1.13     1.20 

IVs      1   .28      .56 

.63 

.70 

.77 

.84 

.91 

.98 

1.05 

1.13 

1.20  1  1.27 

1%«     i  .30      .59 

.67 

.74 

.82 

.89 

.96 

1.04    1.11 

1.19 

1.26  1  1.34 

IV*      \  .31 

.63 

.70 

.78 

.86 

.94 

1.02 

1.09  1  1.17 

1.25 

1.33     1.41 

l%o        .33 

.66 

.74 

.82 

.90 

.98 

1.07 

1.15    1.23 

1.31 

1.39     1.48 

1%      ;  .34 

.69 

.77 

.86 

.95 

1.03 

1.12    1.20  !  1.29 

1.38 

1.46     1.55 

VAe     !   .36 

.72 

.81 

.90 

.99 

1.08 

1.17     1.26    1.35 

1.44 

1.53     1.62 

IM:          .38      .75  ■   .84      .94  i  1.03 

1.13 

1.22     1.31     1.41 

1.50 

1.59     1.69 

STAGGER  OF  RIVETS  TO  MAINTAIN  NET 

SEC 

TION 

AMERICAN     BRIDGE     COMPANY     STANDARD 

1  Hole  O 

ut 

2  Holes  O 

ut 

Dimensioi 

IS  in  ] 

nehes 

J  v^  - 

r-     ( 

4-^ 

?-. 

%" 

%" 

%"  i  %" 

^'''^-  J 

4—       i. 

a 

Rivet 

Rivet 

ai 

Rivet  Rivet 

^:;j        r^tr:-;:V-> 

b 

b 

b    :    b 

^-D  ■•                                 v^ 

1 

J 

1 
2 
3 

1% 

1% 

2\U 

21/4 

2'/l« 

1% 
2 

2y4 

2^A6 
2% 

5 

5y2 

6 

6^2 

7 

7^2 

8 

SV-2 

y=diam 

ctero 

f  rivet  +  Vs 

" 

b  - 

3V46 
3V4 

3% 

3^2 

3% 
3% 

3% 
4 

3%  6 

3Mi 
3% 
3% 
3% 
4 

4^8 

4y4 

a-y=  Va 

2+b-'- 

-2y            ai-2y= 

^'a-'+l 

)^'-3y 

3M!     2»/,„  '2i%( 
4        21^1,1  3 
4«/2    2iyi«,  3%o 

;r>_  __    i__-.» 

h=A,'l. 

>av-i-i 

—                                  h=\'^ay-rj- 

i»=\-' — ^  ■  J 

a=sum  of  gages  minus  thickness  of  angle. 

^"  rivets,  can  be  taken  at  14"  less  than  for  %"  rivets. 

1"  rivets,  can  be  taken  at  H"  more  than  for  J4"  rivets. 
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STRESSES  IN  RIVETS  AND  PINS 


Rivets.  In  transmitting  stresses  between  riveted  pieces,  it  is 
customaxy  to  disregard  friction  and  to  proportion  rivets  to  the  entire 
stress  to  be  transmitted.  They  must  be  of  sufficient  size  and  number 
to  resist  shear  and  to  afford  such  bearing  area  as  not  to  cause  distor- 
tion of  the  metal  at  the  rivet  holes.  In  the  case  of  beams  which  frame 
opposite  and  of  single  web  girders,  this  latter  condition  often  necessi- 
tates a  greater  thickness  of  web  than  required  by  the  shearing  stresses. 
In  a  plate  girder  with  ^ie"  web,  %"  rivets  connecting  the  web  with 
the  flange  angles  would  have  a  bearing  value  at  24,000  pounds  unit 
stress  of  5,630  pounds  per  rivet,  while  their  value  in  double  shear  at 
12,000  pounds  unit  stress  is  10,600  pounds  per  rivet;  and  it  might  be 
necessary  to  increase  the  web  thickness  to  %"  or  more  in  order  that 
the  pressure  of  the  rivets  upon  the  metal  be  not  excessive. 

Pins.  Pins  must  be  calculated  for  shearing,  bending  and  bearing 
stresses,  but  one  of  the  latter  two  wiU  in  most  cases  determine  the 
size.  When  groups  of  bars  are  connected  to  the  «ame  pin,  as  in  the 
lower  chord  of  truss  bridges,  the  size  of  the  bars  must  be  so  chosen 
and  the  bars  so  placed  that  at  no  point  on  the  pin  will  there  be  any 
excessive  bending  stress.  When  the  size  of  pin  has  been  determined 
from  the  bending  stress,  the  thickness  of  the  bars  or  web  of  the  post 
should  be  investigated  to  provide  sufficient  bearing  area,  the  bars 
being  thickened  or  pin  plates  added  if  necessary. 

The  following  is  the  formula  for  flexure  applied  to  pins: 
M^  f  TT  d3  -=-  32  or  =  f  A  d  -^  8,  in  which  M  =  moment  of  forces 
for  any  section  through  pin,  f=fiber  stress  per  square  inch  in 
bending,  A  =  the  area  of  section,  d  =  diameter,  ir  =3.14159.  The 
forces  are  assumed  to  act  in  a  plane  passing  through  the  axis  of  the 
pin. 

Example  1. — A  pin,  see  figure,  has  to  carrj-  a  load  of 
64,000  pounds;  required  the  size  at  24,000  pounds  fiber 
stress,  assuming  the  distance  between  points  of  support 
to  be  5  inches. 

Bending  moment=64, 000  X  5 -7- 4^^0,000  inch  pounds; 
xise  a  3M  inch  pin;  allowed  moment:  80,900  inch  pounds. 

Example  2. — Required  the  thickness  of  metal  in  the 

'  top  chord  of  a  bridge  to  give  sufficient  bearing  area  to  a 

3J^-inch  pin,  having  to  transmit  a  stress  of  121,400  pounds 

at  an  allowed  bearing  presstire  of  24,000  pounds  per  square 

inch. 

The  bearing  value  of  a  3^-inch  pin  for  1  inch  thickness 
of  metal  is  81,000  pounds;  therefore,  the  thickness  of  metal 
required=121,400H- 81,000=1  >^  inch,  or  each  web  of  the 
chord  must  be  M  inch  thick,  including  pin  plates. 


'♦234*-2>^J 


232 


RIVETS     AND    PINS 


RIVETS 
Shearing  and  Bearing  Values 

Values  in  Pounds,  all  Dimensions  in  Inches 

%-INCH  RIVETS — Area  .1104  Square  Inch 

Unit,  Lbs.  per  Sq.  In.       7000 

8000 

9000 

10000 

11000 

12000 

Single  Shear  per  Rivet  |         770 

880 

990 

IIQD 

1210 

1320 

Double  Shear  per  Rivet 

1540 

1760 

1980 

2200 

2420 

2640 

Unit,  Lbe.  per  Sq.  In. 

14000 

16000 

18000 

20000 

22000 

24000 

1 

S 
a 

%                       660             750 
ih«             ,         980    \       1130 
\i             j      1310          1500 

840 
1270 
1690 

940 
1410 
1880 

1030 
1550 
2060 

1130 
1690 
2250 

%o            j      1640          1880 
%             1      1910          2250 

1                  ' 

2110 
2530 

2340 
2810 

2580 
3090 

2810 
3380 

V^-INCH  RIVETS— Area  .1963  Square  Inch 

S 

Unit,  Lbe.  per  Sq.  In.        7000 

8000 

9000 

10000 

11000 

12000 

Single  Shear  per  Rivet  1      1370 

1570 

1770 

1960 

2160 

2360 

Double  Shear  per  Rivet       2750 

3140 

3530 

3930 

4320 

4710 

1 
Bearing  ' 

Unit.  Lbs.  per  Sq.  In.      14000 

16000 

18000 

20000 

22000 

24000 

S 
§ 
a 

i 

%6                  1310 
Vi            j      1750 
%6            1      2190 
%                   2630 

1500 
2000 
2500 
3000 

1690 
2250 
2810 
3380 

1880 
2500 
3130 
3750 

2060 
2750 
3440 
4130 

2250 
3000 
3750 
4500 

T/is                  3060 
V:i                   3500 

3500 
4000 

3940 
4500 

4380 
5000 

4810 
5500 

5250 
6000 

%-INCH  RIVETS— Area  .3068  Square  Inch 

■  1 

OS 

Unit,  Lbe.  per  Sq.  In.  i       7000 

8000 

9000 

10000 

11000 

12000 

Single  Shear  per  Rivet        2 1 50 

2450 

2760 

3070 

3370 

3680 

Double  Shear  per  Rivet 

4300 

4910 

5520 

6140 

6750 

7360 

S 

Unit,  Lbe.  per  Sq.  In. 

14000 

16000 

18000 

20000 

22000 

24000 

1 

B 

a 

1 

la 

% 

Vie 

1640 
2190 
2730 
3280 
3830 

1880 
2500 
3130 
3750 
4380 

2110 
2810 
3520 
4220 
4920 

2340 
3130 
3910 
4690 
5470 

2580 
3440 
4300 
5160 
6020 

2810 
3750 
4690 
5630 
6560 

Ms 

% 

4380 
4920 
5470 

5000 
5630 
6250 

5630    j      6250 
6330    1      7030 
7040    1      7810 

6880          7500 
7730          8440 
8590          9380 

Values  below  dotted  lines  are  greater  than  double  shear. 
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RIVETS 

Shearing  and  Bearing  Values 
Values  in  Pounds,  Dimensions  in  Inches                      '     .   /(  ( 

%-INCH  RIVETS— Area  .4418  Square  Inch 

CO 

Unit,  Lbs.  per  Sq.  In 

7000 

8000 

9000        10000        11000 

12000 
5300 

Single  Shear  per  Rivet 

3090 

3530 

3980         4420          4860 

Double  Shear  per  Rivet 

6190 

7070 

7950          8840          9720 

10600 

1 

Unit,  Lbs.  per  Sq.  In. 

14000 

16000 

18000 

20000 

22000 

24000 

S 
1 
a 

a 
13 

Vi 

2630 

3000 

3380 

3750 

4130 

4500 

% 

3280 
3940 
4590 
5250 
5910 

3750 
4500 
5250 
6000 
6750 

4220 
5060 
5910 
6750 
7590 

4690 

5630 

6560, 

7500 

8440 

5160 
6190 
7220 
8250 
9280 

5630 
6750 
7880 
9000 
10130 

% 

6560 

7500 

8440 

'9380 

10310    1    11250      1 

%-INCH  RIVETS— Area  .6013  Square  Inch 

00 

Unit,  Lbs.  per  Sq.  In. 

7000 

8000 

9000    1    10000 

11000 

12000 

Single  Shear  per  Rivet 

4210 

4810 

5410 

6010 

6610 

7220 

Double  Shear  per  Rivet 

8420 

9620 

10820 

12030 

13230 

14430 

•1 

m 

Unit,  Lbs.  per  Sq.  In. 

14000 

16000 

18000 

20000 

22000 

24000 

S 

a 

.a 

1 

IS 

=Ao 

3060 
3830 

3500 
4380 

3940 
4920 

4380 
5470 

4810 
6020 

5250 
6560 

% 
% 

4590 
5360 
6130 
6890 
7660 

5250 
6130 
7000 
7880 
8750 

5910 
6890 
7880 
8860 
9840 

6560 
7660 
8750 
9840 
10940 

7220 

8420 

9630 

10830 

12030 

7880 

9190 

10500 

11810 

13130 

I'vie 

8420 

9630 

ioSSO    1    12030 

13230       14430      | 

1-INCH  RIVETS— Area  .7854  Square  Inch 

1 

Unit,  Lbs.  per  Sq.  In. 

7000 

8000 

9000 

10000 

11000 

12000 

Single  Shear  per  Rivet 

5500 

6280 

7070 

7850 

8640 

9420 

Double  Shear  per  Rivet 

11000 

12570 

14140 

15710 

17280 

18850 

m 

Unit,  Lbs.  per  Sq.  In. 

14000 

16000 

18000 

20000 

22000 

24000 

ja 
a 

g 

% 

3500 
4380 
5250 

4000 
5000 
6000 

4500 
5630 
6750 

5000 
6250 
7500 

5500 

6880 
8250 

6000 
7500 
9000 

%6 
% 

94 

6130 
7000 
7880 
8750 
9630 
10500 

7000 

8000 

9000 

10000 

11000 

12000 

7880 
9000 
10130 
11250 
12380 
13500 

8750 
10000 
11250 
12500 
13750 
1.5000 

9630 
11000 
12380 
13750 
•15130 
16500 

10500 
12000 
13500 
15000 
16500 
18000 

Wi., 

11380 

13000 

14630 

16250 

17880 

19.500 

Values  above  upper  dotted  lines  are  less  than  single  shear. 
Values  below  lower  dotted  lines  are  greater  than  double  shear. 
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PINS 

Bearing  Values  in  Pounds  on  Metal  One  Inch  Thick 
Bearing  Value=Diameter  of  Pin  x  Bearing  Stress  per  Square  Inch 


Pin 

Bearing  Stresses 

in  Pounds  per  Square  Inch 

Diameter, 
Inches 

Area, 
Sq.ln. 

12000 

15000 

I 

20000 

22000 

24000 

.785 
1.227 
1.767 
2.405 

12000 
15000 
18000 
21000 

1 

1   15000 
18800 
22500 
26300 

20000 
25000 
30000 
35000 

22000 
27500 
33000 
38500 

24000 
30000 
36000 
42000 

2 

2M 
2H 
2% 

3.142 
3.976 
4.909 
5.940 

24000 
27000 
30000 
33000 

30000 
33800 
37500 
41300 

40000 
45000 
50000 
55000 

44000 
49500 
55000 
60500 

48000 
54000 
60000 
66000 

3 

3M 
3>^ 

7.069 

8.296 

9.621 

11.045 

30000 
39000 
42000 
45000 

45000 
48800 
52500 
56300 

60000 
65000 
70000 
75000 

66000 
71.500 
77000 
82500 

72000 
78000 
84000 
90000 

4 

4Ji 
4}^ 
4li 

12.566 
14.186 
15.904 
17.721 

48000 
51000 
54000 
57000 

60000 
63800 
67500 
71300 

80000 
85000 
90000 
95000 

88000 

93500 

99000 

104500 

96000 
102000 
108000 
114000 

5 

5M 

5?4 

19.635 
21.648 
23.758 
25.967 

60000 
63000 
66000 
69000 

75000 
78800 
82500 
86300 

100000 
105000 
110000 
11.5000 

110000 
115500 
121000 
126500 

120000 
126000 
132000 
138000 

6 

6?4 

28.274 
30.680 
33.183 
35.785 

72000 
75000 
78000 
81000 

90000 

93800 

97500 

101300 

120000 
125000 
130000 
135000 

132000 
137500 
143000 
148500 

144000 
150000 
156000 
162000 

7 

7K 

7n 

38.485 
41.282 
44.179 
47.173 

84000 
87000 
90000 
93000 

105000 
108800 
112.500 
116300 

140000 
145000 
150000 
155000 

154000 
159500 
165000 
170500 

168000 
174000  . 
180000 
186000 

8 

8M 
8J^ 

50.265 
53.456 
56.745 
60.132 

96000 

99000 

102000 

105000 

120000 
123800 
127500 
131300 

160000 
165000 
170000 
175000 

176000 
181.500 
187000 
192500 

192000 
198000 
204000 
210000 

9 

9^ 
9H 
9Ji 

63.617 
67.201 
70.882 
74.662 

108000 
111000 
114000 
117000 

135000 
138800 
142500 
146300 

180000 
185000 
190000 
195000 

198000 
203500 
209000 
214.500 

216000 
222000 
228000 
234000 

10 
10  H 
10  H 
10  Ji 

78..540 
82.516 
86.590 
90.763 

120000 
123000 
126000 
129000 

150000 
153800 
1.57.500 
161300 

200000 
205000 
210000 
215000 

220000 
225.500 
231000 
236500 

240000 
246000 
252000 
258000 

11 

11^ 
12 

95.033 

99.402 

103.869 

108.4.34 

113.097 

132000 
135000 
138000 
141000 
144000 

165000 
168800 
172.500 
176300 
180000  ; 

220000 
22.5000 
230000 
235000 
240000 

242000 
247500 
253000 
258500 
264000 

264000 
270000 
276000 
282000 
288000 
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PINS 

Bending  Moments  in  Inch  Pounds 

Bending  Moment=(Diameter  of  Pin)3  x  0.098175  x  Stress  per  Square  Inch 


Pin 


Fiber  Stress  in  Pounds  per  Square  Inch 


Diameter, 
Inches 


Area, 
Sq.  In. 


15000 


18000 


20000 


22000 


22500 


24000 


25000 


1 

IM 

iy2 

IM 

2 

2H 

2V2 

2M 

3 

3^ 
3J^ 
3M 

4 

4J^ 
4M 

5 

5M 
5V2 
5M 


6M 

6  3^2 

7 

7M 
7H 
7M 


8M 
83^ 


9 

9M 

9M 

10 

10  M 
103^ 
10% 

11 

UK 

llj^ 
iiM 

12 


.785 
1.227 
1.767 
2.405 

3.142 
3.976 
4.909 
5.940 

7.069 

8.296 

9.621 

11.045 

12.566 
14.186 
15.904 
17.721 

19.635 
21.648 
23.758 
25.967 

28.274 
30.680 
33.183 
35.785 

38.485 
41.282 
44.179 
47.173 

50.265 
53.456 
56.745 
60.132 

63.617 
67.201 

70.882 
74.662 

78.540 
82.516 
86.590 
90.763 

95.033 

99.402 

103.869 

108.434 

113.097 


1500 
2900 
5000 
7900 

11800 
16800 
23000 
30600 

39800 
50600 
63100 
77700 

94200 
113000 
134200 
157800 

184100 
213100 
245000 
280000 

318100 
359500 
404400 
452900 

505100 
561200 
621300 
685500 

754000 
826900 
904400 
986500 

1073500 
1165500 
1262600 


1800 
3500 
6000 
9500 

14100 
20100 
27600 
36800 

47700 
60700 
75800 
93200 

113100 
135700 
161000 
189400 

220900 
255700 
294000 
336000 

381700 
431400 
485300 
543500 

606100 
673400 
745500 
822600 


2000 

3800 

6600 

10500 

15700 
22400 
30700 
40800 

53000 

67400 

84200 

103500 

125700 
150700 
178900 
210400 


2200 

4200 

7300 

11600 

17300 
24600 
33700 
44900 

58300 

74100 

92600 

113900 

138200 
165800 
196800 
231500 


2200 

4300 

7500 

11800 

17700 
25200 
34500 
45900 

59600 

75800 

94700 

116500 

141400 
169600 
201300 
236700 


245400  270000  276100 

284100  312.500!  319600 

3267001  3593001  367500 

373300  410600  419900 


424100 
479400 
539200 
603900 

673500 
748200 
828400 
914000 


466500 
527300 
593100 
664300 

740800 

823100 

911200 

1005400 


477100 
539300 
606600 
679400 


2400 

4600 

8000 

12600 

18800 
26800 
36800 
49000 

63600 

80900 

101000 

124300 

1.50800 
180900 
214700 
252500 

294500 
340900 
392000 
447900 

508900 
575200 
647100 
724600 


757700!  808200 

841800  897900 

931900  994000 

10282001096800 


2500 

4800 

8300 

13200 

19600 
28000 
38300 
51000 

66300 

84300 

105200 

129400 

157100 
188400 
223700 
263000 

306800 
355200 
408300 
466600 

530100 
599200 
674000 
754800 

841800 

935300 

1035400 

1142500 


904800  1005300  1105800  1131000  1206400  12.56600 

99230011102500  1212S00  12404(10  1323000|137lS200 

1085.300  1205800  1:520400  1.3r,(iO()()  1 147000  1507300 

1183900  1315400!  1446900;  1479800  1578500  1644200 


1288300 
1398600 
1515100 
1364900  1637900 


1472600 
1585900 
1704700 
1829400 


1767100 
1903000 
2045700 
2195300 


1431400 
1554000 
1683500 
1819900 

1963500 
2114.500 
2273000 
2439200 


1574500 
1709400 
1851800 
2001900 

2159800 
2325900 
2500300 
2683200 


1610300  171770011789200 
1748300  1864  800!  1942500 
1893900  2020100  2104300 
2047400  2183900|2274900 


2208900 
2378800 
2557100 
2744100 


2356200  2454400 
2537400i2643100 
2727600  2841200 
2927100  3049100 


1960100  23.52100  2613400  2874800  2940100  31.36100.3266800 
2096800  2516100  2795700  3075200  3145100  3354800  3494600 
2239700  2687600  2986200, 3284900|3359500y3583500  3732800 
2388900  2866700  3185300i3503800l3583400i3822300  3981600 
2544700  3053600l3392900l3732200  3817000140715004241200 
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TENSION    VALUES 


ANGLES 

Allow.\ble  Tension  Values  in  Thousands  of  Pounds 

Maximum  Fiber  Stress,  16000  Pounds  per 

Square  Inch 

Size. 
Inches 

Thick- 
ness, 
Inches 

Weight 
per  J'oot, 
Pounds 

Area, 
Inches^ 

Net  Area  and  Stresses — Two  Holes  Deducted 

J^Inch  Rivets 

Ji-Inch  Rivets 

%-liicb  Rivets 

^ 

Area, 
Inches^ 

Stress 

Area, 
Inches^ 

Stress 

Area, 
Inches^ 

Stress 

1 

51.0 

15.00 

13.00 

208.0 

13.25 

212.0 

1%6 

48.1 

14.12 

12.24 

195.8 

12.48 

199.7 

% 

45.0 

13.23 

11.48 

183.7 

11.70 

187.2 

1%6 

42.0 

12.34 

10.72 

171.5 

10.92 

174.7 

% 

38.9 

11.44 

9.94 

159.0 

10.13 

162.1 

8x8 

iVia 

35.8 

10.53 

9.16 

146.6 

9.33 

149.3 

% 

32.7 

9.61 

8.36 

133.8 

8.52 

136.3       8.67 

138.7 

%6 

29.6 

8.68 

7.55 

120.8 

7.70 

123.2       7.84 

125.4 

% 

26.4 

7.75 

6.75 

108.0 

6.87 

109.9       7.00 

112.0 

1 

44.2 

13.00 

11.00 

176.0 

11.25 

180.0 

l%o 

41.7 

12.25 

10.37 

165.9 

10.61 

169.8 

% 

39.1 

11.48 

9.73 

155.7 

9.95 

159.2 

1%6 

36.5 

10.72 

9.10 

145.6 

9.30 

148.8 

8x6 

% 

33.8 

9.94 

8.44 

135.0 

8.63 

138.1 

1%6 

31.2 

9.15 

7.78 

124.5 

7.95 

127.2 

¥8 

28.5 

8.36 

7.11 

113.8 

7.27 

116.3       7.42 

H8.r 

%a 

25.7 

7.56 

6.43 

102.9 

6.58 

105.3       6.72 

107.5 

y-2 

23.0 

6.75 

5.75 

92.0 

5.87 

93.9       6.00 

96.0 

%6 

20.2 

5.93 

5.05 

80.8 

5.16 

82.6       5.27 

84.3 

% 

33.1 

9.73 

7.98 

127.7 

8.20 

131.2 

1%6 

31.0 

9.09 

7.47 

119.5 

7.67 

122.7 

% 

28.7 

8.44 

6.94 

111.0 

7.13 

114.1 

1^6 

26.5 

7.78 

6.41 

102.6 

6.58 

105.3 

6x6 

% 

24.2 

7.11 

5.86 

93.8 

6.02 

96.3       6.17 

98.7 

%6 

21.9 

6.43 

5.30 

84.8 

5.45 

87.2       5.59 

89.4 

^ 

19.6 

5.75 

4.75 

76.0 

4.87 

77.9       5.00 

80.0 

%6 

17.2 

5.06 

4.18 

66.9 

4.29 

68.6       4.40 

70.4 

% 

14.9 

4.36 

3.61 

57.8 

3.70 

59.2       3.80 

60.8 

% 

27.2 

7.98 

6.23 

99.7 

6.45 

103.2 

1%6 

25.4 

7.47 

5.85 

93.6 

6.05 

96.8 

% 

23.6 

6.94 

5.44 

87.0 

5.63 

90.1 

»M6 

21.8 

6.40 

5.03 

80.5 

5.20 

83.2 

6x4 

% 

20.0 

5.86 

4.61 

73.8 

4.77 

76.3       4.92 

78.7 

%6 

18.1 

5.31 

4.18 

66.9 

4.33 

69.3       4.47 

71.5 

y2 

16.2 

4.75 

3.75 

60.0 

3.87 

61.9       4.00 

64.0 

%0 

14.3 

4.18 

3.30 

52.8 

3.41 

54.6       3.52 

56.3 

^'8 

12.3 

3.61 

2.86 

45.8 

2.95 

47.2       3.05 

j 

48.8 

■'k 

10. S 

■  '.2 

.•;.6.- 

.38.7 

3.C3 

Cl.o  ,    3.98 

63.7 

%6 

15.2 

4A7 

3.34 

53.4 

3.49 

55.8       3.63 

58.1 

5  x3'/2 

V4 

13.6 

4.00 

3.00 

48.0 

3.12 

49.9       3.25 

52.0 

%6 

12.0 

3.53 

2.65 

42.4 

2.76 

44.2       2.87 

45.9 

% 

10.4 

•  3.05 

2.30 

36.8 

2.39 

38.2       2.49 

39.8 

%0 

8.7 

2.56 

1.93 

30.9 

2.01 

32.2       2.09 

33.4 

1/. 

12.8 

3.75 

2.75 

44.0 

2.87 

45.9       3.00 

48.0 

5x3 

^/io 

11.3 

3.31 

2.43 

38.9 

2.54 

40.6       2.65 

42.4 

% 

9.8 

2.86 

2.11 

33.8 

2.20 

35.2       2..30 

36.8 

%8 

8.2 

2.40 

1.77 

28.3 

1.85 

29.6       1.93 

30.9 
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ANGLES 

Allowable  Tension 

Values  in  Thousands  of 

Pounds 

Maximum  Fiber  Stress,  16000  Poimds  per 

Square  Inch 

Size, 
Inches 

Thick- 
ness, 
Inches 

Weight 
per  Foot, 
Pounds 

Area, 
Inches^ 

Net  Areas  and  Stresses— One  Hole  Deducted 

%-Inch  Rivets 

M-Inch  Rivets 

^-Inch  Rivets 

Area, 
Inches2 

Stress 

Area, 
Inches^ 

Stress 

Area, 
Inches- 

Stress 

; 

% 

33.1 

9.73 

8.85 

141.6 

8.96 

143.4 

1%6 

31.0 

9.09 

8.28 

132.5 

8.38 

134.1 

% 

28.7 

8.44 

7.69 

123.0 

7.78 

124.5 

1^6 

26.5 

7.78 

7.09 

113.4 

7.18 

114.9 

6x6 

% 

24.2 

7.11 

6.48 

103.7 

6.56 

105.0 

6.64 

106.2 

»A6 

21.9 

6.43 

5.87 

93.9 

5.94 

95.0 

6.01 

96.2 

V2 

19.6 

5.75 

5.25 

84.0 

5.31 

85.0 

5.37 

85.9 

%B 

17.2 

5.06 

4.62 

73.9 

4.68 

74.9 

4.73 

75.7 

% 

14.9 

4.36 

3.98 

63.7 

4.03 

64.5 

4.08 

65.3 

Vs 

27.2 

7.98 

7.10 

113.6 

7.21 

115.4 

i%o 

25.4 

7.47 

6.66 

106.6 

6.76 

108.2 

% 

23.6 

6.94 

6.19 

99.0 

6.28 

100.5 

1^6 

21.8 

6.40 

5.71 

91.4 

5.80 

92.8 

6x4 

% 

20.0 

5.86 

5.23 

83.7 

5.31 

85.0 

5.39 

86.2 

%8 

18.1 

5.31 

4.75 

76.0 

4.82 

77.1 

4.89 

78.2 

V2 

16.2 

4.75 

4.25 

68.0 

4.31 

69.0 

4.37 

69.9 

%6 

14.3 

4.18 

3.74 

59.8 

3.80 

60.8 

3.85 

61.6 

% 

12.3 

3.61 

3.23 

51.7 

3.28 

52.5 

3.33 

53.3 

% 

16.8 

4.92 

4.29 

68.6 

4.37 

69.9 

4.45 

71.2 

"Aa 

15.2 

4.47 

3.91 

62.6 

3.98 

63.7 

4.05 

64.8 

V2 

13.6 

4.00 

3.50 

56.0 

3.56 

57.0 

3.62 

57.9 

6  X  ayo 

^Ao 

12.0 

3.53 

3.09 

49.4 

3.15 

50.4 

3.20 

51.2 

% 

10.4 

3.05 

2.67 

42.7 

2.72 

43.5 

2.77 

44.3 

%8 

8.7 

2.56 

2.25 

36.0 

2.29 

36.6 

2.33 

37.3 

% 

15.7 

4.61 

3.98 

63.7 

4.06 

65.0 

4.14 

66.2 

%6 

14.3 

4.18 

3.62 

57.9 

3.69 

59.0 

3.76 

60.2 

¥2 

12.8 

3.75 

3.25 

52.0 

3.31 

53.0 

3.37 

53.9 

5x3 

^Ae 

11.3 

3.31 

2.87 

45.9 

2.93 

46.9 

2.98 

47.7 

% 

9.8 

2.86 

2.48 

39.7 

2.53 

40.5 

2.58 

41.3 

%6 

8.2 

2.40 

2.09 

33.4 

2.13 

34.1 

2.17 

34.7 

% 

15.7 

4.61 

3.98 

63.7 

4.06 

65.0 

4.14 

66.2 

%6 

14.3 

4.18 

3.62 

57.9 

3.69 

59.0 

3.76 

60.2 

^2 

12.8 

3.75 

3.25 

52.0 

3.31 

53.0 

3.37 

53.9 

4x4 

%6 

11.3 

3.31 

2.87 

45.9 

2.93 

46.9 

2.98 

47.7 

% 

9.8 

2.86 

2.48 

39.7 

2.53 

40.5 

2.58 

41.3 

"Ao 

8.2 

2.40 

2.09 

33.4 

2.13 

34.1 

2.17 

34.7 

Vi 

6.6 

1.94 

1.69 

27.0 

1.72 

27.5 

1.75 

28.0 

^2 

11.1 

3.25 

2.75 

44.0 

2.81 

45.0 

2.87 

45.9 

%« 

9.8 

2.87 

2.43 

38.9 

2.49 

39.8 

2.54 

40.6 

4x3 

% 

8.5 

2.48 

2.10 

33.6 

2.15 

34.4 

2.20 

35.2 

%« 

7.2 

2.09 

1.78 

28.5 

1.82 

29.1 

1.86 

29.8 

y* 

5.8 

1.69 

1.44 

23.0 

1.47 

23.5 

1.50 

24.0 
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TENSION 

VALUES 

ANGLES 

AixowABLE  Tension  Values  in  Thousands  of 

Pounds 

Maximum  Fiber  Stress,  16000  Poimds  per 

Square  Inch 

Size, 
Inches 

Thick- 
ness, 
Inchet 

Weight 
per  Foot, 
Pounds 

Area, 
Inches- 

Net  Areas  and  Stresses     One  hole  Deduc 

ted 
Rivets 

J^Inch  Rivets 

Ja-Inch  Rivets 

J^Incb 

Area, 
Inchess 

Stress 

Area; 
Inches^ 

Stress 

Area, 
Inches^ 

Stress 

3Hx3H 

Vs 

% 
Vi 

13.6 

12.4 
11.1 
9.8 
8.5 
7.2 
5.8 

3.98 
3.62 
3.25 

2.87 
2.48 
2.09 
1.69 

3.35 
3.06 
2.75 
2.43 
2.10 
1.78 
1.44 

53.6 
49.0 
44.0 
38.9 
33.6 
28.5 
23.0 

3.43 
3.13 
2.81 
2.49 
2.15 
1.82 
1.47 

54.9 
50.1 
45.0 
39.8 
34.4 
29.1 
23.5 

3.51 
3.20 

2.87 
2..54 
2.20 
1.86 
1.50 

56.2 
51.2 
45.9 
40.6 
35.2 
29.8 
24.0 

3}^x  3 

-I 

% 

10.2 
9.1 
7.9 
6.6 
5.4 

3.00 
2.65 
2.30 
1.93 
1.56 

2.50 
2.21 
1.92 
1.62 
1.31 

40.0 
35.4 
30.7 
25.9 
21.0 

2.56 
2.27 
1.97 
1.66 
1.34 

41.0 
36.3 
31.5 
26.6 
21.4 

2.62 
2.32 
2.02 
1.70 
1.37 

41.9 
37.1 
32.3 
27.2 
21.» 

3J^x2H 

% 

9.4 
8.3 
7.2 
6.1 
4.9 

2.75 
2.43 
2.11 
1.78 
1.44 

2.25 
1.99 
1.73 
1.47 
1.19 

36.0 
31.8 
27.7 
23.5 
19.0 

2.31 
2.05 
1.78 
1.51 
1.22 

37.0 
32.8 
28.5 
24.2 
19.5 

2.37 
2.10 
1.83 
1.55 
1.25 

37.9 
33.6 
29.3 
24.8 
20.0 

3x3 

% 

¥4 

9.4 
8.3 
7.2 
6.1 
4.9 

2.75 

,  2.43 

2.11 

1.78 
1.44 

2.25 
1.99 
1.73 
1.47 
1.19 

36.0 
31.8 

27.7 
23.5 
19.0 

2.31 
2.05 
1.78 
1.51 
1.22 

37.0 
32.8 

28.5 
24.2 
19.5 

2.37 
2.10 
1.83 
1..55 
1.25 

37.9 
33.6 
29.3 
24.8 
20.0 

3x2>^ 

% 

y4 

6.6 
5.6 
4.5 

1.92 
1.62 
1.31 

1.54 
1.31 
1.06 

24.6 
21.0 
17.0 

1.59 
1.35 
1.09 

25.4 
21.6 
17.4 

1.64 
1.39 
1.12 

26.2 
22.2 
17.9 

2J4x2H 

% 

5.9 
5.0 
4.1 
3.07 

1.73 
1.47 
1.19 
0.90 

1.40 
1.20 
0.97 
0.74 

22.4 
19.2 
15.5 
11.8 

1.45 
1.24 
1.00 
0.76 

23.2 
19.8 
16.0 
12.2 

2J^2 

% 

%0 

5.3 
4.5 
3.62 
2.75 

1..55 
1.31 
1.06 
0.81 

1.22 
1.04 
0.84 
0.65 

19.5 
16.6 
13.4 
10.4 

1.27 
1.08 
0.87 
0.67 

20.3 
17.3 
13.9 
10.7 

2x2 

4.7 
3.92 
3.19 
2.44 

1.36 
1.15 
0.94 
0.71 

1.08 
0.92 
0.75 
0.57 

17.3 

14.7 

12.0 

9.1 

2  xVA 

%6 

3.39 

2.77 
2.12 

1.00 
0.81 
0.62 

0.77 
0.62 
0.48 

12.3 
9.9 

7.7 
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BARS 

Allowance  Tension  Value  in  Thousands  of  Pounds 
ROUND  BARS  SQUARE  BARS 


Unit 

Unit 

Unit 

Unit 

Stress 

Stress 

Weight 
per  Foot, 
Pounds 

Stress 

Stress 

Size, 
Inches 

Area, 
Inches^ 

Weight 
per  Foot, 
Pounds 

16,000 
Lbs. 
per 

20,000 
Lbs. 
per 

Size, 
Inches 

Area, 
Inches- 

16,000 
Lbs. 
per 

20,000 
Lbs. 
per 

Square 

Square 

Square 

Square 

Inch 

Inch 

Inch 

Inch 

% 

0.012 

0.042 

0.2 

0.3 

ys 

0.016 

0.053 

0.3 

0.3 

%6 

0.028 

0.094 

0.4 

0.6 

%6 

0.035 

0.119 

0.6 

0.7 

Vi 

0.049 

0.167 

0.8 

1.0 

y4 

0.063 

0.212 

1.0 

1.3 

%6 

0.077 

0.261 

1.2 

1.5 

%6 

0.098 

0.333 

1.6 

2.0 

% 

0.110 

0.375 

1.8 

2.2 

% 

0.141 

0.478 

2.3 

2.8 

%6 

0.150 

0.511 

2.4 

3.0 

%6 

0.191 

0.651 

3.1 

3.8 

% 

0.196 

0.667 

3.1 

39 

% 

0.250 

0.850 

4.0 

5.0 

»A6 

0.249 

0.845 

4.0 

5.0 

%6 

0.316 

1.08 

5.1 

6.3 

% 

0.307 

1.04 

4.9 

6.1 

% 

0.391 

1.33 

6.3 

7.8 

Hie 

0.371 

1.26 

5.9 

7.4 

ii^ie 

0.473 

1.61 

7.6 

9.5 

^4 

0.412 

1.50 

7.1 

8.8 

% 

0.563 

1.91 

9.0 

11.3 

1%6 

0.519 

1.76 

8.3 

10.4 

1%6 

0.660 

2.25 

10.6 

13.2 

ys 

0.601 

2.04 

9.6 

12.0 

Vs 

0.766 

2.60 

12.3 

15.3 

i6Ae 

0.690 

2.35 

11.0 

13.8 

1%6 

0.879 

2.99 

14.1 

17.6 

1 

0.785 

2.67 

12.6 

15.7 

1 

1.00 

3.40 

16.0 

20.0 

lirie 

0.887 

3.01 

14.2 

17.7 

1^8 

1.13 

3.84 

18.1 

22.6 

IVs 

0.994 

3.38 

15.9 

19.9 

lys 

1.27 

4.30 

20.3 

25.3 

1%6 

1.11 

3.77 

17.7 

22.2 

l%e 

1.41 

4.80 

22.6 

28.2 

iy4 

1.23 

4.17 

19.6 

24.5 

1% 

1.56 

5.31 

25.0 

31.3 

1%6 

1.35 

4.60 

21.6 

27.1 

1^8 

1.72 

5.86 

27.6 

34.5 

1% 

1.48 

5.05 

23.8 

29.7 

1% 

1.89 

6.43 

30.3 

37.8 

l^Ae 

1.62 

5.52 

26.0 

32.5 

I'/ie 

2.07 

7.03 

33.1 

41.3 

IVa 

1.77 

6.01 

28.3 

35.3 

iy2 

2.25 

7.65 

36.0 

45.0 

1%6 

1.92 

6.52 

30.7 

38.4 

1%6 

2.44 

8.30 

39.1 

48.8 

1% 

2.07 

7.05 

33.2 

41.5 

1% 

2.64 

8.98 

42.3 

52.8 

IHie 

2.24 

7.60 

35.8 

44.7 

111^8 

2.85 

9.68 

45.6 

57.0 

1% 

2.41 

8.18 

38.5 

48.1 

1% 

3.06 

10.41 

49.0 

61.3 

]iyi6 

2.58 

8.77 

41.3 

51.6 

11%6 

3.29 

11.17 

52  6 

65.7 

1% 

2.76 

9.39 

44.2 

55.2 

1% 

3. .52 

11.95 

56.3 

70.3 

11%6 

2.95 

10.02 

47.2 

59.0 

11^6 

3.75 

12.76 

60.1 

75.1 

2 

3.14 

10.68 

50.3 

62.8 

2 

4.00 

13.60 

64.0 

80.0 

^^46 

3.34 

11.36 

53.5 

66.8 

21,i6 

4.25 

14.46 

68.1 

85.1 

2Vfe 

3.55 

12.06 

56.7 

70.9 

2V8 

4.52 

15.35 

72.3 

90.3 

2%6 

3.76 

12.78 

60.1 

75.2 

2«le 

4.79 

16.27 

76.6 

95.7 

:2y4 

3.98 

13.52 

63.6 

79.5 

2y4 

5.06 

17.22 

81.0 

101.3 

2%6 

4.20 

14.28 

67.2 

84.0 

25i6 

5.35 

18.19 

85.6 

107.0 

■2% 

4.43 

15.07 

70.9 

88.6 

2% 

5.64 

19.18 

90.3 

112.8 

■2TA6 

4.67 

15.86 

74.7 

93.3 

2T46 

5.94 

20.20 

95.1 

118.8 

2y2 

4.91 

16.69 

78.5 

98.2 

2y2 

6.25 

21.25 

100.0 

125.0 

29i6 

5.16 

17.53 

82.5 

103.1 

2046 

6.57 

22.33 

105.1 

131.3 

2% 

5.41 

18.40 

86.6 

108.2 

2% 

6.89 

23.43 

110.3 

137.8 

:2Hi« 

5.67 

19.29 

90.8 

113.5 

2H46 

7.22 

24.56 

115.6 

144.5 

:2% 

5.94 

20.20 

95.0 

118.8 

2% 

7.56 

25.71 

121.0 

151.3 

21%6 

6.21 

21.12 

99.4 

124.3 

21%6 

7.91 

26.90 

126.6 

158.2 

2% 

6.49 

22.07 

103.9 

129.8 

2y8 

8.27 

28.10 

132.3 

165.3 

21%6 

6.78 

23.04 

108.4 

135.5 

21%8 

8.63 

29.34 

138.1 

172.6 

3 

7.07 

24.03 

113.1 

141.4 

3 

9.00 

30.60 

144.0 

180.0 
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STEEL  SHEET  PILING 

The  introduction  of  steel  sheet  piling  in  substitution  for  wood 
has  made  possible  the  extension  and  indeed  the  practical  rejuvena- 
tion of  the  cofferdam  method  of  making  excavations.  Its  use  has 
led  to  great  ultimate  economies,  greater  safety  in  working  and  to 
the  extension  in  size  and  depth  of'open  excavations  to  limits  which 
otherwise  were  regarded  as  impossible  of  attainment.  The  cellular 
cofferdam,  first  used  in  the  Black  Rock  Lock,  Buffalo,  is  a  very 
successful  method  for  the  elimination  of  the  expensive,  slow,  and 
not  always  reliable,  pneumatic  caisson  on  work  of  large  magnitude. 

Steel  sheet  piUng  by  its  positive  interlock  enables  the  sub-surface 
diaphragms  of  diaphragm  dams  to  be  made  with  a  certainty  not 
possible  with  wooden  sheet  piling,  and  with  an  economy  not  possible 
with  concrete  by  reason  of  the  elimination  of  the  excavation 
necessary  in  the  case  of  the  ordinary  puddle  core,  concrete  core  or 
masonry  core  wall.  A  diaphragm  made  of  such  imperishable 
materials  fulfills  all  the  requirements  of  the  ordinary  core  wall  with 
the  additional  advantage  of  accommodating  itself,  by  its  flexibilitj-, 
to  shght  irregularities  of  settlement  in  the  dam.  It  is  also  used  in 
the  construction  of  curtain  walls,  sea  walls  and  loading  slips,  founda- 
tions for  cylinder  piers,  sewers  and  trenches,  etc. 

In  addition  to  temporary  cofferdams,  steel  sheet  piling  has  found 
large  use  in  the  construction  of  permanent  retaining  walls  for 
buildings.  Driven  before  excavation  in  soils  containing  quick- 
sand or  water-bearing  strata,  its  use  prevents  the  undermining  of 
adjacent  building  foundations  by  movement  of  the  strata.  It  also 
prevents  in  many  cases  the  delay,  expense  and  danger  of  under- 
pinning adjacent  buildings.  It  may  be  employed  in  this  way  alone 
or  reinforced  by  steel  buckstays  as  shown  in  the  illustration,  which 
represents  the  method  followed  by  D.  H.  Burnham  &  Company  in 
constructing  retaining  walls  for  the  Marshall  Field  and  Stevens 
buildings,  Chicago,  where  sheeting  with  its  attached  buckstays  was 
driven  its  full  depth  and  the  basement  and  sub-basement  floors 
placed  as  the  excavation  went  forward.  The  rigidity  of  the  buck- 
stays  with  the  bracing  supported  by  the  floors  eliminated  the 
necessity  and  expense  of  shoring.  After  excavation  concrete  was 
filled  in  between  the  buckstays  and  the  total  expense  did  not 
exceed  60  per  cent  of  its  cost  by  the  ordinary  method 

Type.  Carnegie  Steel  Company  manufactures  United  States  Steel 
Sheet  Piling,  in  three  sizes  and  weights. 


CARNEGIE  STEEL  COMPANY 


United  States  Steel  Sheet  Piling  is  a  simple,  plain,  rolled  section 
ready  for  use  as  it  comes  from  the  mill  without  further  fabrication. 
Each  piece  is  complete  in  itself  and  all  pieces  of  the  same  width  are 
interchangeable.  Its  profile  incorporates  the  advantages  of  the 
ball  and  socket  joint,  with  sufficient  clearance  in  the  interlock  for 
ease  in  driving  and  sufficient  space  for  the  use  of  a  packing  substance 
between  its  adjacent  edges  to  insure  watertightness.  United  States 
Steel  Sheet  Piling  is  more  easily  driven  and  pulled  than  any  other 
section  hitherto  placed  on  the  market.  The  reason  for  this  is 
believed  to  be  the  absence  of  a  leading  groove  combined  with  the 
line  contact  obtained  in  the  joints. 

The  sections  have  positive  interlocks  continuous  throughout 
the  entire  length  in  both  lateral  and  horizontal  directions,  affording 
maximum  strength  against  sidewise  deflection,  distortion  or  sepa- 
ration of  the  pieces  due  to  pressures,  deformation  in  driving,  etc. 

Strength  of  Sections.  When  driven  and  under  pressure,  steel  sheet 
piling  must  have  strength  similar  to  that  possessed  by  a  beam 
loaded  equally  or  unequally  with  earth  or  water  pressure,  and 
the  resistance  of  the  piling  to  transverse  bending  can  be  calcu- 
lated by  the  known  laws  of  flexure  from  the  properties  of  the  sections 
given  in  the  following  table.  In  the  case  of  United  States  Steel  Sheet 
Piling,  the  properties  of  the  individual  pieces  are  the  same  as  the 
properties  of  the  sections  interlocked  in  place. 
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Elements  op  Sections 

,  Axis  x-x 

Description 

Interlocked  or  Single  Section 

Regular 
Corner, 
Weight, 
Pounds 

Ejection 
Index     1     Width 

Single  Section 

Weight, 
Lbs.  per 
Sq.  Ft. 

I 
In.* 

r 
In. 

S 
In.3 

S* 
In.s 

h 
2 
In. 

b. 
Inches 

Lbs.  per 
Lin.  Ft. 

Area, 
Sq.  In. 

Lineal 
Foot 

M  105   ,     13  M 
M  104        13  H 
M  103          9H 

42.5 

38 

16 

12.51 

11.30 

4.71 

38 
35 
21 

8.56 
8.50 
1.45 

0.83    4.35 
0.87    4.32 
0.56  1  1.13 

3.93 
3.91 
1.47 

13  M 

13  M 

9H 

42.5 

38 

16 

S*  is  the  average  section  modulus  per  horizontal  foot  of  wall  interlocked  in  place. 
During  driving  the  sections  are  forced  to  act  as  loaded  columns, 
and  the  tables,  therefore,  show  the  radius  of  gyration  of  the  sections 
for  computing  their  compressive  resistance  under  load  or  the  blow 
of  the  pile  driving  hammer.  The  radius  of  gyration  of  the  section, 
however,  need  not  bear  any  definite  proportion  to  its  length  and 
blocks  of  wood  may  be  bolted  to  the  leads  of  the  pile  driver  if  the 
piHng  shows  a  tendency  to  spring.  As  the  piling  actually  enters 
the  earth,  it  is  supported  laterally  and  stiffened  by  the  adjacent 
soil,  and  the  blows  of  the  hammer  need  but  overcome  the  friction. 
In  an  ordinary  cofferdam  braced  in  the  usual  manner,  strength  in 
the  interlock  to  resist  the  tearing  apart  of  the  sections  by  direct 
tension  in  a  longitudinal  direction  is  not  often  required,  but  if  it  is. 
United  States  Steel  Sheet  Piling  is  recommended  on  account  of 
its  great  longitudinal  strength.  This  interlock  strength  in  a  longi- 
tudinal direction  depends  on  the  type  of  section,  the  opening  of 
the  jaw,  the  character  of  the  soil,  etc.,  and  can  only  be  determined 
by  tests.  The  average  longitudinal  strength  per  lineal  inch  of 
medium  steel  sections  is  as  follows: 

13i,i"  United  States  Steel  Sheet  Piling 9,800  pounds. 

914"  United  States  Steel  Sheet  Piling 5,600      " 

Steel  sheet  piling  is  usually  made  of  medium  steel  manufactured 
to  standard  specifications.  Where  the  construction  is  permanent 
and  possible  corrosion  is  a  serious  factor,  it  may  be  made  of  steel 
containing  about  0.25%  copper,  experiments  on  which,  as  well 
as  analyses  of  old  structures,  indicate  that  such  an  addition  goes 
very  far  towards  making  the  steel  practically  indestructible. 

Full  information  is  given  in  a  separate  pamphlet  entitled  "Steel 
Sheet  Pihng, "  copies  of  which  can  be  had  on  request. 
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GRILLAGE  FOUNDATIONS 

Grillagre  Beams.  In  the  design  of  foundations  for  columns,  piers 
and  walls,  provision  must  be  made  for  the  uniform  distribution  of 
the  load  over  the  footing.  This  is  best  done  by  the  use  of  a  grillage 
of  steel  beams  and  concrete.  This  method  of  construction  elimin- 
ates deep  excavations  and  large  masses  of  masonry  and  is,  therefore, 
truly  economical.  For  heavy  loads  on  soils  of  small  bearing 
capacity,  three  tiers  of  beams  may  be  necessary;  while  for  lighter 
loads  or  better  soils  two  tiers,  or  even  one,  may  suffice. 

The  lower  tier  should  rest  upon  a  solid  bed  of  concrete  of  sufficient 
thickness  to  distribute  the  load  to  the  soil.  Good  practice  requires 
the  spaces  between  the  beams  in  all  the  tiers  to  be  filled  with,  and 
the  beams  enclosed  in,  concrete  not  less  than  four  inches  thick. 

The  clear  distance  between  the  flanges  of  the  beams  in  each  tier 
should  not  be  less  than  2J^  inches,  nor  more  than  three  times  the 
flange  width.  The  first  requirement  is  necessary  to  permit  the 
introduction  and  proper  tamping  of  the  concrete,  the  second,  to 
insure  uniform  distribution  of  the  load.  When  separators  are  used 
to  hold  the  beams  in  position,  they  should  be  of  gas  pipe,  as  cast  iron 
separators  tend  to  break  the  continuity  of  the  concrete.  Grillage 
beams  should  not  be  painted,  as  concrete  does  not  adhere  well  to 
painted  surfaces  but  is  itself  an  excellent  preservative  of  steel. 

To  determine  the  area  in  square  feet  required  for  the  foundation, 
divide  the  total  load  on  the  column,  pier  or  wall  by  the  allowable 
pressure  per  square  foot  on  the  soil.  This  gives  the  area  of  the 
footing,  the  shape  of  which  is  determined  by  local  conditions.  On 
the  assumption  that  the  loads  on  the  soil  are  uniformly  distributed, 
the  number,  size  and  weight  of  the  beams  required  are  determined 
from  the  maximum  bending  moment,  the  maximum  shear,  or  the 
maximum  web  resistance  to  buckling,  as  follows: — Let 

W==Total  load  on  the  foundation,  in   pounds. 
—2 — .           .  ~2~~     L  =Length  of  beam,  in  feet. 
'  llllllllllll i  a  ^Length  of  loaded  portion,  in  feet. 

d  ^Depth  of  beam,  in  inches. 

t  =Thickness  of  beam  web,  in  inches. 

n  ^Number  of  beams  in  a  tier. 

fb=Allowable  unit  web  buckling  resistance. 


llllllllllllillllllllMlll 
( L, 


The  maximum  bending  moment  occurs  at  the  center  of  the  beam 
and  is  equal  in  foot  pounds  to  W  (L-a)  -^  s;  this  formula  is 
identical  with  the  formula  of  maximum  bending  moment  for  a 
beam  of  length  (Lr-a)  under  a  uniformly  distributed  load,  W. 

The  proper  size  of  beam  in  any  tier  as  regards  flexure  at  a  fiber 
stress  of  16,000  pounds  per  square  inch  may  be  found  in  the  beam 
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safe  load  table  for  the  length  corresponding  to  (L — a),  by  dividing 
the  total  load  by  the  number  of  beams. 

Or  may  be  found  from  the  table  of  maximum  bending  moments, 
by  dividing  the  total  bending  moment  by  the  number  of  beams; 

Or  from  the  table  of  properties,  by  dividing  by  the  number  of 
beams  in  the  tier    the    total    section     modulus   required,    which 

1    i-        3  W  (L  — a) 
IS  equal   to  32;qqq 

Note,  however,  that  the  load  on  the  beam  for  any  span  must  not 
exceed  the  maximum  tabular  safe  load  for  shear. 

The  maximum  vertical  shear  occurs  at  the  edge  of  the  column 

base  or  at  a  distance  in  feet  of  — 2 —  from  each  end  of  the  beam  and 

1 ,       W        L-a 
is   equal  to  -jj-  x  — ^ — 

Web  thickness,  t,  to  resist  average  shear —  j^    x  — ^^  x   ^^^  .  ^    „  ^^^ 

Or,  the  average  vertical  shear —  j^  x  — ^ —  -"^  ^Tdfxt"'  ^^^i*^^^  must  not 
exceed  10,000  pounds  per  square  inch. 

The  maximum  buckling  stress  occurs  on  a  length  in  inches  of 

12  a  +  d/2  and  is  equal  in  total  per  lineal  inch  of  web  to  j^2a'+  d/2' 

The     required     thickness     of     web,     t,     to     resist     buckhng= 
W 


iix(12a  +  d;2jxfb. 

Or  the  average  web  resistance  per  square   inch   to    buckling= 
W 
nx  (I2a  +  d/2)xt   '^hi^h    must    not    exceed   the    tabular    values    for 

the  allowable  buckling  resistance  on  beam  webs. 

Rolled  steel  Slabs.  To  distribute  the  loads  from  columns  over 
girders,  grillage  beams,  etc.,  solid  slabs  of  rolled  steel  may  be 
advantageously  used  in  the  place  of  cast  iron  or  riveted  steel  bases, 
dtc.  The  size  of  the  slab  is  usually  fixed  by  the  dimensions  of  the 
column  and  its  thickness  is  determined  from  the  maximum  bending 
moment,  on  the  assumption  of  uniform  loading,  as  follows:— Let 

-^       W==Total  load,  in  pounds. 

M  I       A  =Width  of  slab,  in  inches. 

bB       B  =Length  of  slab,  in  inches. 

1         I  !       t  ^Thickness  of  slab,  in  inches. 

';         i  *      a  =Outside  dimension  of  column,  in  inches. 

I -^. J  b  ^Outside  dimension  of  column,  in  inches. 

The  maximum  bending  moment  will  occur  at  the  center  of  the 

slab  and  equals,  in  inch    pounds,  g"'^     or g ,  and  at  a 

fiber  stress  of  16,000  pounds  per  square  inch,  the  required  thickness 

of    Blab,    t,  =  \/  3  W  (A  -a)      ^^  _   a)  3  W  (B  -  b;  • 
'      '  '       64.000  B  >      64,000  A 
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Steel  Slab  36"x  36"x  5>^" 

4 -24"  90  lb.  Beams  10-6"  long 


13-15"  60.8  lb.  Beams  13'-6"  long. 


Example:  Reqiiired  to  design  a  grillage  foundation  for  a  column  load  of 
1,040,000  pounds  on  soil  with  an  allowable  bearing  capacity  of  6,000  pounds 
per  square  foot.  Column  composed  of  1  web  plate,  14"  x  %",  4  flange  angles, 
6"  X  4"  X  %"  and  4  flange  plates,  14"  x  J4",  outside  dimensions  14"  x  18". 

Required  area  of  footing^l,040,000-=- 6,000=173.33  square  feet. 

Use  area  12'-0"  x  15'-0"=1S0  square  feet. 

Assume  3'-0"  square  as  the  dimensions  of  the  roUed  steel  slab  or  column 
base  and  allow  9"  for  concrete  on  the  sides  and  ends  of  beams,  then  the  dimen- 
sions of  the  steel  grillage  will  be  10'-6"  x  13'-6",  concrete  being  assumed  of 
sufflcient  thickness  and  strength  to  distribute  to  the  edges. 


Rolled  Steel  Slab 

Thickness  required.  t,=  yjI^^^^^=5A&  in: 
'     '         K  64.000  X  36 


^ 

-^  1 

14"  36" 

V 36^'- — >■ 

Use  53 
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Beams — Section  Modulus  Method. 
Bottom  tier — L^13.5  feet;  a,=  3.0  feet. 


.3  X  1,040,000  X  10.5 


Required  total  section  modulus,  S,= 

32,000 

Use  13 — 15"  60.8  lb.  beams — Total  section  modulus=l,055.6  in.s 
1.040.000        10.5  1 

13.5        ^      2      ^    13  X  15  X  .59 
1,040.000 


===  1,023.75  in.a 


Average  shear 


3,515  lbs.  per  sq.  in. 


Average  buckling  stress — 13  x  43  5  x   59 
Top  tier — L=10.5  feet;  a^3.0  feet. 


3,120  lbs.  per  sq.  in. 


Required  total  section  modulus,  S,= 


3  X  1,040,000  X  7.5 


32,000 

Use  4 — 24"  90  lb.  beams — Total  section  moduIus=743.2  in.s 
1,040.000         7.5  1 


^731.25  in.s 


Average  shear 


10.5 


X 


4  X  24  X  .624 


=  6,200  lbs.  per  sq.  in. 


»,        .  ,-  ..  1,040,000  cncr^.v. 

Average  buckling  stress= .  -  40  ^   504  ^=8>680  lbs.  per  sq.  m. 

Plate  Girder  Grillagre  Foundations.  In  those  cases  where  columns  carry 
very  heavy  loads,  plate  girders  are  used  for  the  top  tier  of  the 
grillage  rather  than  beams.  In  the  case  of  symmetrical  foundations, 
the  method  of  computation  is  the  same  as  has  already  been  illus- 
trated in  the  case  of  beams.  The  following  example  indicates  the 
procedure  in  the  quite  frequent  case  of  unsymmetrical  loading 
conditions: 


840,000  pounds 


-20-0"- 


1,260,000  pounds 


2  Plate  Girders 


37% 


■—-4-  0-— >" — 4-0-'--* 


Make  up  of  1  Plate  Girder 
4  Flange  Angles  6  x  4  x  J^ 
2  Flange  Plates  14  x  H 

1  Web  Plate  36  x  H 

2  Web  Reinf.   Plates   %    thick, 

each    end     between     Flange 

.\ngle8 
2  Web  Reinf.    Plates  ^4    thick, 

each  end  over  Flange  Angles 
Stiffener  Angles  oxZ}4^  }4 
Tie  Angles  5xZ^il4 


mTimimf. 


-•6-0-- 


--6-0-- 


Wall  Column  14'  f*^  16"  Interior  Column 
W.^-^   Steel  Slab 


j^Lq." ^ 710- J 
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Example: — Reqmred  to  design  a  grillage  foundation  under  an  exterior  or 
wall  column  carrying  a  load  of  840,000  pounds,  and  an  interior  column  with 
a  load  of  1,260,000  pounds,  on  soil  with  an  allowable  bearing  capacity  of 
8,000  poimds  per  square  foot. 

Required    footing   area   of   wall   coUunn=:  ^^^'^^^ — ^105  square  feet. 

Use  area  8'-0"  x  14'-0"=  112  square  feet. 

Required  area  of  interior  coliunn  footing=i^^^5.  =157.5  square  feet. 

Use  area  12'-0"  x  14'-0"=168  square  feet. 

With  these  dimensions  and  areas,  the  load  on  the  soil  will  be  uniform  at 
7,500  poimds  per  square  foot,  and  the  footings  the  same  width,  both  of  which 
are  desirable  from  the  standpoint  of  uniform  settlement. 

RoUed  Steel  Slabs  for  Column  Footings:  Assiune  a  width  of  30"  and  a 
length  of  32",  then  the  required  thickness  will  be  as  follows: — 

wall  column,     t.  =  A/lXm^IJpZIl  =  4.86  in.;  use  5". 
>  64,000  X  30 

Interior  column,  t.  =  a/3  x  1,260,000  x  (32  -  16)  _  ^^^  j^. .  ^^  55^,,. 
^  64,000  X  30 

Plate  Girders:  Maximum  bending  moment  occurs  at  the  inner  beams  of 
the  respective  footings,  and  is  equal  to  the  load  on  the  colimm  multiplied  by  the 
distance  of  its  center  from  the  center  of  moments. 

M  max.  from  wall  column        =    840,000  x  2'-6"^2, 100,000  foot  pounds. 

Mmax.  from  interior  column^l, 260,000  x  l'-8"=2, 100,000  foot  pounds. 

Required  section  modulus  of  two  girders= — ' — ig  qoO =1,575.0   in.s 

Select  from  girder  safe  load  table,  page  264,  two  girders  composed  each  of 
1  web  plate  36"  x  3-2",  4angles  6"  x  4"  x  ^",  and  2  flange  plates  14"  x%": — 
Total  section  modulus,  S  =  2  x  792.3=1,584.6  in.* 

Maximum  shear  occurs  at  the  inside  edge  of  the  steel  slab  vmder  the  interior 
column,  and  is  equal  in  total  for  the  two  girders  to  the  load  carried  by  the 
portion  of  the  footing  between  that  point  and  the  inside  edge  of  the  footing, 

Qj.   1.260,000  X  68  —680,000  or  340,000  poimds  per  girder. 
126 
At  10,000  poimds  per  square  inch,  the  36"  x  M"  plate  girder  web  is  good  for 
180,000  poimds;  therefore,  it  is  necessary  to  use  reinforcing  web  plates  where 
the  shear  exceeds  that  amount. 

Beams,  Lower  Tier,  Interior  Colimin: 

„         .,,^,        ^.               ,,        „          3x  1,260.000  X  9.67        ,  1  ^o  0  5„  a 
Reqmred  total  section  modulus,  S.  = „  „ =  1,142.3  m.-* 

Use  13—18"  54.7  lb.  beams  —  Total  section  modulus  =  1,149.2  in.» 
Average  shear  =  h^^fO_  ^  9|7  ^  __i_^^  =  4,520  lbs.  per  sq.  in. 

Average  buckling  stress  =  13^x^43' ^^  45  =4,900  lbs.  per  sq.  in. 
For  exterior  column  use  9—18"  54.7  lb.  beams. 

Note. — In  order  to  facilitate  manufacture  and  shipment,  it  is 
desirable  to  use  for  the  entire  foundation  as  few  sizes  and  weights 
of  beams  as  possible,  and  the  rolled  steel  slabs  should  be  of  the 
same  thickness  or  at  least  of  as  few  thicknesses  as  really  convenient. 
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RIVETED  BEAM  AND  PLATE  GIRDERS 

Where  single  rolled  beams  are  insufficient  to  carry  the  loads,  the 
required  capacity  may  be  secured  by  fabrication  in  various  methods. 

Two  beams  can  be  used,  connected  together  by  bolts  and  separa- 
tors. The  total  strength  of  these  is  twice  that  of  the  single  beam 
of  the  same  depth  and  weight.  Care  should  be  taken,  however,  to 
see  that  the  loads  are  applied  on  them  equally,  and  where  it  is 
necssary  for  the  beams  to  act  as  a  imit,  the  separators  should  be  of 
plates  and  angles  and  not  of  cast  iron.  If  the  loading  is  not  imiform 
on  the  two  sections,  their  strength  must  be  computed  separately. 

The  use  of  single  beam  girders  with  plates  top  and  bottom  to 
sustain  a  given  load  is  often  more  economical  in  material  than  the 
use  of  two  beams  connected  by  bolts  and  separators. 

Box  girders  formed  of  two  beams  with  flange  plates  riveted  thereto 
are  often  used  for  supporting  interior  walls  in  buildings.  They 
are  not,  however,  as  economical  in  material  as  single  beams  with 
flange  plates  or  plate  girders.  Their  interior  surfaces  do  not  admit 
of  repainting  and  they  should,  therefore,  not  be  used  in  exposed 
places. 

The  most  economical  section  to  sustain  heavy  loads  is  the  single 
web  plate  girder  and  it  is  sufficient  for  all  ordinary  purposes.  When 
not  so,  two  single  web  plate  girders  may  be  used,  together  with  tie 
plates  extending  clear  across  the  angles,  or  box  girders  may  be 
made  of  four  flange  angles,  two  web  plates  and  top  and  bottom 
flange  plates.  In  case  there  is  imequal  distribution  of  the  load, 
the  two  girders  or  half  girders  must  be  figured  as  separate  units. 

In  the  design  of  beam  or  plate  girders,  care  must  be  taken  to  see 
that  the  web  is  of  sufficient  thickness  to  resist  buckling  stress  and, 
therefore,  attention  is  called  to  the  construction  specifications  and 
to  the  remarks  made  on  page  193  as  to  shearing  stresses  in  general. 

The  tables  which  follow  give  first,  a  selected  line  of  riveted  beam 
girders  of  approximately  twice  the  carrying  capacity  of  the  single 
beams  of  which  the  sections  are  built;  second,  a  selected  line  of 
riveted  plate  girders  of  various  depths  and  carrying  capacities  such 
as  are  customary  in  building  work;  third,  elements  of  riveted  plate 
girders  of  various  depths  from  which  it  is  possible  to  select  econom- 
ical sections  for  almost  any  ordinary  condition  of  loading.  In 
addition  to  the  properties,  the  first  two  tables  give  the  safe  loads  in 
thousands  of  pounds  uniformly  distributed. 

In  accordance  with  the  construction  specifications,  these  girder 
tables  are  based  upon  the  section  modulus  of  the  gross  area  of  the 
section,  with  bending  stress  allowed  at  16,000  pounds  per  square  inch. 


CARNEGIE    STEEL    COMPANY 


RIVETED  BEAM  GIRDERS 

Allowable  Uniform  Load  in  Thousands  of  Pounds 

Maximum  Bending  Stress,  16000  Pounds  per  Square  Inch 
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-4 
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1      ^ 
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1 

Span 

V     V 

in 

1-Beam  27"x90  lbs. 

1-Beam24"x79.91bs. 

1-Beam24"x79.91bs. 

1-Beam20"x81.41bs- 

o 

Feet 

2-Plate8  12"xM" 

2-Plates  12"xM" 

2-Plates  10"x^" 

2-Plates  W-s?A" 

a 

Increase 

Increase 

Increase 

Increase 

si 

in  Safe 

in  Safe 

in  Safe 

in  Safe 

o 

Loads  for 

Joads  for 

joads  for 

Loads  for 

Safe 
Loads 

1^6  Inch 

Increase 

in 

Safe 
Loads 

Vie  Inch 
Increase 

Safe 
Loads 

Via  Inch 

Increase 

in 

Safe 
Loads 

Vie  Inch 

Increase 

in 

Thickness 

Thickness 

Thickness 

Thickness 

of  Flange 

Df  Flange 

of  Flange 

of  Flange 

Plates 

Plates 

Plates 

Plates 

370 
343 

15.9 
14.8 

312 
289 

14.2 
13.2 

259 

11.7 
10.9 

9.7 
9.0 

13 

235 

218 

2.80 

14 

240 

3.24 

15 

321 

13.8 

270 

12.3 

224 

10.1 

204 

8.4 

3.72 

16 

301 

13.0 
12.2 

253 

11.5 
10.9 

210 
198 

9.5 
9.0 

191          7.9 

4.24 

17 

283 

238    \ 

180 

7.4 

4.78 

18 

267     i 

11.5 

225         10.3 

187 

8.4 

170 

7.0 

6.36 

19 

253 

10.9 

213           9.7 

177 

8.0 

161 

6.6 

6.98 

20 

240 

10.4 

203           9.2 

168 

7.6 

153 

6.3 

6.62 

21 

229 

9.9 

193           8.8 

160 

7.2 

146 

6.0 

7.30 

22 

219 

9.4 

184           8.4 

153 

6.9 

139 

5.7 

8.01 

23 

209 

9.0 

176    ;      8.0 

146 

6.6 

133 

5.5 

8.76 

24 

200 

8.6 

169           7.7 

140 

6.3 

127 

6.3 

9.53 

25 

192 

8.3 

162 

7.4 

135 

6.1 

122 

5.0 

10.35 

26 

185 

8.0 

156 

7.1 

129 

5.9 

118 

4.8 

11.19 

27 

178 

7.7 

150 

6.8 

125 

5.6 

113 

4.7 

12.07 

28 

172 

7.4 

145    i       6.6 

120 

5.4 

109 

4.5 

12.98 

29 

166     1 

7.1 

140           6.4 

116 

5.2 

105 

4.3 

13.92 

30 

160 

6.9' 

135    \       6.2 

112 

5.1 

102          4.2 

14.90 

31 

155 

6.7 

131           6.0 

109 

4.9 

99 

4.1 

15.91 

32 

150     i 

6.5 

127    1      5.8 

105 

4.8 

96 

3.9 

16.95 

33 

146 

6.3 

123 

5.6 

102         4.6 

93 

3.8 

18.03 

34 

141     ! 

6.1 

119 

5.4 

99         4.5 

90 

3.7 

19.13 

35 

137 

5.9 

116 

5.3 

96         4.3 

87 

3.6 

20.28 

Area 

44.34  inches^ 

41.33  inches2 

35.83  inches2 

38.74  inchesz 

Si-i 

450.8   inchess 

380.0   inchess 

315.5   inchesS 

286.7    inchesS 

Weight 

151.2    lbs.  per  ft. 

141.1   lbs.  per  ft. 

122.4   lbs.  per  ft. 

132.4   lbs.  per  ft. 

Safe  loads  above  horizontal  lines  exceed  the  web  resistance  and  girders  should  be  provided 
with  stiffeners;  for  limiting  conditions  see  explanatory  notes  and  Construction  Specifications. 
Weights  given  for  girders  do  not  include  stiffeners,  rivet  heads  or  other  details. 
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RIVETED  BEAM  GIRDERS— Concluded 

Allowable  Uniform  Load  in  Thousands  of  Pounds 
Maximum  Bending  Stress,  16000  Pounds  per  Square  Inch 
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*■'— c;'— V— 

*--^=^-^?-' 

^  '    V    V   ' 

^-^   V   ' 

ID 

Feet 
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1-Beaml8"x54.71b8. 

1-Beaml5"x60.81b8 

1-Beaml5"x42.91b8 

S 

2-Plate8  W'x%" 

2-Plate8   9"x^" 

2-Plates  9"x5^" 

2-Plate8 

8"xM" 

Increase 

Increase 

Increase 

Increase 

1 

in  Safe 

in  Safe 

in  Safe 

in  Safe 

joaAa  for 

joads  for 

joads  for 

Loads  for 

Safe 

Vie  Inch 

Safe 

ViH  Inch 

Safe 

Vie  Inch 

Safe 

Vie  Inch 

TKWdR 

( 

Increase 

in 
rhickness 
){  Flange 

Loads 

Increase 

in 
Thickness 
of  Flange 

Loads 

( 

Increase 

in 
Thickness 
)f  Flange 

Loads 

Increase 

in 
Thickness 
of  Flange 

Plates 

. 

Plates 

Plates 

Plates 

9 

279     1     14.2 

218 
196 

11.5 
10.3 

189 

9.4 
8.5 

137 

8.5 
7.6 

1.34 

10 

251 

12.7 

170 

123 

1.66 

11 

228 
209 

11.6 

10.6 

9.8 

178 

9.4 

155 
142 
131 

7.7 
7.1 
6.5 

112 

102 

95 

6.9 
6.4 
5.9 

2.00 

12 

164 
151 

8.6 
7.9 

2.38 

13 

193 

2.80 

14 

179 

9.1 

140 

7.4 

122 

6.1 

88 

5.5 

3.24 

15 

167           8.5 

131 

6.9 

113 

5.7 

82 

5.1 

3.72 

16 

157           8.0 

123 

6.5 

106          5.3 

77 

4.8 

4.24 

17 

148           7.5 

115 

6.1 

100 

5.0 

72 

4.5 

4.78 

18 

139     '       7.1 

109 

5.7 

95 

4.7 

68 

4.2 

5.36 

19 

132           6.7 

103 

6.4 

90 

4.5 

65 

4.0 

5.98 

20 

125           6.4 

98 

5.2 

85         4.3 

61 

3.8 

6.62 

21 

119     1       6.1 

93 

4.9 

81 

4.0 

59 

3.6 

7.30 

22 

114     1       5.8 

89 

4.7 

77 

3.9 

56 

3.5 

8.01 

23 

109           5.5 

85 

4.5 

74 

3.7 

53 

3.3 

8.76 

24 

105    1       5.3 

82 

4.3 

71 

3.6 

51 

3.2 

9.53 

25 

100     !       5.1 

79 

4.1 

68 

3.4 

49 

3.1 

10.35 

26 

97     1       4.9 

76 

4.0 

65 

3.3 

47 

2.9 

11.19 

27 

93     I       4.7 

73 

3.8 

63 

3.1 

46 

2.8 

12.07 

28 

90           4.6 

70 

3.7 

61 

3.0 

44 

2.7 

12.98 

29 

87           4.4 

68 

3.6 

59 

2.9 

42 

2.6 

13.92 

30 

84           4.2 

65 

3.4 

57 

2.8 

41 

2.5 

14.90 

Area 

31.58  inches^ 

27.19  inche82 

28.93  inches^ 

20.49  ii) 

ches^i 

Sim 

235.2   inchess 

184.1    inchesB 

159.5   inches^ 

115.3    in 

ches" 

Weight 

107.9   Ibs.perft. 

93.0  Ibe.  pcrft. 

99.1    lbs.  per  ft. 

70.1    lb 

e.  per  ft. 

Safe  loads  above  horizontal  lines  exceed  the  web  resistance  and  girders  should  be  provided 
with  stiffeners;  for  limiting  conditions  see  explanatory  notes  and  Construction  Specifications. 
Weights  given  for  girders  do  not  include  stiffeners,  rivet  heads  or  other  details. 


251 


CARNEQIE  STEEL  COMPANY 


RIVETED  PLATE  GIRDERS 

Safe 

Loads 

IN  Thousands  of  Pounds  Uniformly  Distributed 

Maximum  Bending  Stress,  16000  Pounds  Per  Square  Inch 
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232 
223 

211 
203 

151 

150 

230 
222 

214 
206 

11.19 
12.07 

145 

145 

28 

232 

236 

215 

196          140    1      140 

214 

199 

12.98 

29 

224 

228 

208 

189          135    t      135 

206 

192 

13.92 

30 

217 

221 

201 

183 

131 

130 

199 

186 

14.90 

31 

210 

214 

194 

177 

127 

126 

193 

180 

15.91 

32 

203 

207 

188 

171 

123 

122 

187 

174 

16.95 

33 

197 

201 

183 

166          119 

119 

181 

169 

18.03 

34 

191 

195 

177 

161          115 

115 

176 

164 

19.13 

35 

186 

189 

172 

157          112 

112 

171 

159 

20.28 

36 
37 

181 
176 

184 
179 

167 
163 

152 

109 
106 

109 
106 

166 
162 

155 
150 

21.45 
22.66 

148 

38 

171 

174 

159 

144 

103 

103 

157 

147 

23.90 

39 

167 

170 

155 

141 

101 

100 

153 

143 

25.18 

40 
41 

163 

159 

166 
161 

151 

137 
134 

98 
96 

98 
95 

150 
146 

139 

26.48 

147 

136     27.82 

42 

155 

158 

144 

131 

94 

93 

142 

133     29.20 

Area 

55.50 

52.19 

47.75 

44.25 

34.69         34.70 

54.50 

47.00      In.2 

Si-i 

609.7 

620.6 

565.1 

514.0 

368.1         366.7 

560.7 

521.9       In.3 

■Wt.perPt. 

188.9 

177.8 

162.6 

150.7 

118.3         118.1 

185.5 

160.0       Lbs. 

Saf 

B loads  ab 

Dve  horizo 

ital lines  e 

xceed  the  end  resistance  and 

girders  sii 

ould  be  provided 

with  stiff 

sners;  for  i 

uniting  co 

[iditions  se 

3  explanatory  notes  and  Const 

ruction  Sp 

Bcificationa. 

We 

gilts  glvei 

1  for  girde 

rs  do  not 

include  stiffeners,  rivet  iieads 

or  other 

details. 
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GIRDERS 

RIVETED  PLATE  GIRDERS— Continued 

Safb  Loads  in  Thousands  of  Pounds  Uniformly  Distributed 
Maximum  Bending  Stress,  16000  Pounds  Per  Square  Inch 
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229 
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176 

5.36 

19 

266 

236 

160 
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217 

192 

167 

5.98 

20 

253 

224 

152 

133          232 

206 

182 

159 

6.62 

21 

241 

214 

144 

127          221 

196 

173 

151 

7.30 

22 

230 
220 
211 

204 
195 
187 

138 

121           211 

187 
179 
172 

166 
158 
152 

144 
138 

8.01 

23 

132 
126 

116 
111 

202 
193 

8.76 

24 

132 

9.53 

25 

202 

180 

121 

106 

186 

165 

146 

127 

10.35 

26 

195 

173 

117 

102          178 

158 

140 

122 

11.19 

27 

187 

166 

112 
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1.53 

135 

118 

12.07 

28 

181 

160 

108 

95          159 

147 

130 

114 

12.98 

29 

174 

155 

105 

92          160 

142 

126 

110 

13.92 

30 

169 
163 

150 

T45 

101 
98 

89     1      155 
86          150 

137 

121 
118 

106 
103 

14.90 

31 

133 

15.91 

32 

158 

140 

95 

83          145 

129 

114 

99 

16.95 

33 

149 

136 

92 
89 

81          141 
78          136 

125 
121 

110 
107 

96 
93 

18.03 

34 

132 

19.13 

35 

145 

128 

87 

76          133 

118 

104 

91 

20.28 

36 

141 

125 

84 

74          129 

114 

101 

88 

21.45 

37 

137 

121 
118 

82 
80 

72          125 
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111 
108 

98 
96 

86 
84 

22.66 

38 

133 

23.90 

39 

130 

115 

78 

68          119 

106 

93 

81 

25.18 

40 

126 

112 

76 

66          116 

103 

91 

79 

26.48 

Area 

43.50 

38.94 

29.50 

26.50   i     42.75 

38.19 

34.69 

30.95 

In.2 

Si-, 

474.3 

420.8 

284.3 

249.1        435.1 

386.1 

341.5 

298.0 

In.K 

■Wt.perFt. 

148.1 

132..5 

100.5 

90.1     1    145.6 

130.0 

118.1 

105.4 

Ivbs. 

Safe  loads  above  horizontal  lines  exceed  the  end  resistance  and  girders  should  be   provided 
with  stiffeners;  for  limiting  conditions  see  explanatory  notes  and  Construction  Specifications. 
Weights  given  for  girders  do  not  include  stifieners,  rivet  heads,  or  other  details. 
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CARNEGIE  STEEL 

COMPANY 

RIVETED  PLATE  GIRDERS— Concluded 

Safe 

Loads  in  Thousands  of  Pounds  Uniformly  Distributed 

Maximum  Bending  Stress,  16000  Pounds  Per  Square  Inch 
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78 
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Area 
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Si-i 
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343.6 

306.1 

270.9 

204.6 

165.5 

In.s 

■Wt.perPt 

98.0 

87.6 
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125.8 
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102.8     1     85.0 
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GIRDERS 


RIVETED  PLATE  GIRDERS 


To  obtain  a  girder  suitable  to  carry  any  specified 
loading,  determino  the  maximum  end  reaction  in  pounds 
and  the  maximum  bending  moment  in  inch-pounds. 

Select  from  the  table  a  girder  having  the  desired 
depth,  a  thickness  of  web  as  determined  by  the  maximum 
end  reaction  and  a  suitable  section  modulus  as  deter- 
mined by  dividing  the  bending  moment  bj'  the  permissible 
stress  per  square  inch. 

For  limiting  conditions  see  explanatory  notes  and 
Construction  Specifications. 

Weights  given  do  not  include  stlffeners,  rivet  beads, 
or  other  details. 


Weight  per  Foot, 

Maximum 

Section 

Sise  in  Inchet 

Pounds 

End 

Modulus, 

Reaction 

] 

Web  Plate 

in 

Axis  1-1, 
Inchess 

Web 

Flange 

Flange 

and 

Flange 

Thousands 

Plate 

Angles 

Plates 

Flange 
Angles 

Plates 

01 

Pounds 

136.6      j 

4x   3  x^ 

59.5 

50.6 

168.6      1 

4x   3  xVz 

69.9 

50.6 

198.7      ' 

5x3HxM 

79.9 

50.6 

236.1      ;    24x5^8 

5x3HxH 

92.7 

50.6 

238.0      1 

5x3HxH 

12x>4 

79.9 

40.8 

50.6 

372.9      1 

5x3Hx^ 

12  x% 

79.9 

51.0 

50.6 

408.5 

5x3yaxH 

12  xM 

92.7 

51.0 

60.6 

142.5 

4x   3  xVa 

64.P 

60.8 

165.5 

ox3Hx% 

72.2 

60.8 

174.5 

4x   3  x}4 

75.0 

60.8 

204.5 

4x   3  xyg 

85.0 

60.8 

204.6 

axZViXVi 

85.0 

60.8 

242.0          24  X  3^ 

oxZYiXYs 

97.8 

60.8 

270.9 

5x33^x^ 

12  x% 

72.2 

30.6 

60.8 

306.1 

5x3HxM 

12  xH 

72.2 

40.8 

60.8 

343.6 

bx-iViXVi 

12xy2 

85.0 

40.8 

60.8 

378.5 

oxSViXVi 

12  x% 

85.0 

51.0 

60.8 

414.1 

5x3Hx% 

12  x^ 

97.8 

51.0    , 

60.8 

151.5 

4x   3  xVa 

61.6 

66.3 

176.8 

oxSViXVs 

69.2 

66.3 

186.6 

4x   3  xM 

72.0 

56.3 

201.2 

6x   4  xVa 

76.8 

56.3 

219.6 

oxSViXVi 

82.0 

56.3 

252.0 

6x   4  x^A 

92.4 

56.3 

260.7 

BxSVixH 

94.8 

56.3 

291.3 

26  X  5^6 

bxZYixVa 

12  xj^ 

69.2 

30.6 

56.3 

301.0 

6x    4  xYs 

107.6 

56.3 

329.5 

HxSViXVa 

12  xH 

69.2 

40.8 

56.3 

334.8 

6x   4  xVg 

14  x^ 

76.8 

35.7 

56.3 

370.7 

oxSl^x'A 

12x1^ 

82.0 

40.8 

56.3 

379.4 

6x   4  xVs 

14  xH 

76.8 

47.6 

56.3 

408.6 

ox3}ixya 

12  x^ 

82.0 

51.0 

56.3 
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CARNEQIE  STEEL 

COMPANY 

RIVETED  PLATE  GIRDERS— Continued 

Section 
Modulufl, 

Axis  1-1, 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 

End 
Reaction 

in 

Thousands 

of 

Pounds 

Web 

Flange 

Flange 

Web  Plate  i 

and        '      Flange 

InchesS 

Plate 

Angles 

Plates 

Flange             Plates 

Angles      1 

428.4 

6x   4  xVi 

14  x>^ 

92.4      1       47.6 

56.3 

447.9 

5x3Hx5^ 

12  x^ 

94.8      '•        51.0 

56.3 

472.7 

26  X  5^8 

6x   4  x}4 

14  x^ 

92.4             59.5 

56.3 

519.5 

6x   4  xys 

14  x% 

107.6 

59.5 

56.3 

563.4 

6x  4  x^ 

14  xj^ 

107.6 

71.4 

56.3 

15S.5 

4x   3  x^ 

67.2 

67.5 

183.8 

5x3Hx% 

74.8 

67.5 

193.5 

4x  3  xH 

77.6 

67.5 

208.1 

6x   4  xVa 

82.4 

67.5 

22G.5 

4x   3  xVs 

87.6 

67.5 

226.6 

SxSHxVi 

87.6 

67.5 

258.9 

6x  4  xj^ 

98.0 

67.5 

267.6 

5x3}^x^ 

100.4 

67.5 

298.0 

5x3i^x^ 

12  x^ 

74.8 

30.6 

67.5 

307.9 

6x   4  xVs 

113.2 

67.5 

336.2 

SxSVixVs 

12  xM 

74.8 

40.8 

67.5 

341.5 

26  x% 

6x   4  xH 

14  x% 

82.4 

35.7 

67.5 

354.4 

6x   4  xH 

127.6 

67.5 

377.4 

5x3y2xPi 

12  xj^ 

87.6 

40.8 

67.5 

386.1 

6x   4  xj^ 

14  x}^ 

82.4 

47.6 

67.5 

415.2 

5x3HxH 

12  x% 

87.6 

51.0 

67.5 

435.1 

6x   4  xj^ 

14  xj^ 

98.0 

47.6 

67.5 

454.5 

5x3Hx^ 

12x5^ 

100.4 

51.0 

67.5 

479.3 

6x   4  xj^ 

14  x^ 

98.0 

59.5 

67.5 

526.1 

6x   4  x^ 

14  X  ^ 

113.2 

59.5 

67.5 

569.9 

6x   4  x5^ 

14  X  M 

113.2 

71.4 

67.5 

613.9 

6x  4  xM 

14  xM 

127.6 

71.4 

67.5 

200.4 

4x  3  xH 

83.1 

78.8 

233.4 

4x   3  xyg 

93.1  . 

78.8 

233.5 

5xzy2xy2 

93.1 

78.8 

265.8 

6x  4  xj^ 

103.5 

78.8 

274.5 

5x3Hx^ 

105.9 

78.8 

314.8 

6x  4  x^ 

118.7 

78.8 

361.3 

6x  4  xM 

133.1 

78.8 

384.0 

26  X  f^e 

5x3i^xH 

12  xH 

93.1 

40.8 

78.8 

421.8 

5x33^xH 

12x5^ 

93.1 

51.0 

78.8 

441.7 

6x   4  x^ 

14  xH 

103.5 

47.6 

78.8 

461.1 

5x3'^x^ 

12  x^ 

105.9 

51.0 

78.8 

485.9 

6x  4  x]4 

14  X  ^ 

103.5 

59.5 

78.8 

532.7 

6x  4  x^ 

14  x^ 

118.7 

59.5 

78.8 

576.5 

6x  4  x^ 

14  xM 

118.7  . 

71.4 

78.8 

620.5 

6x  4  xM 

14  xM 

133.1      1       71.4 

78.8 
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GIRDERS 


RIVETED  PLATE  GIRDERS— Continued 

Section 

Si^e  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modulus, 

Reaction 

Axis  1-1, 

Web 

Flange 

Flange 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inches^ 

Plate 

Angles 

Plates 

Flange 
Angles 

Plates 

185.6 

5x3>^x^ 

70.3 

66.3 

211.0 

6x  4   x% 

77.9 

56.3 

230.3 

axsy^xVi 

83.1 

56.3 

264.1 

6x  4   xH 

93.5 

56.3 

273.2 

5x3}^x^ 

95.9 

56.3 

304.5 

5x3Hx% 

12  xH 

70.3 

30.6 

56.3 

315.3 

6x  4   xVs 

108.7 

56.3 

344.2 

SxSy^xH 

12  xH 

70.3 

40.8 

56.3 

349.8 

27x%e 

6x  4   xVa 

14  X  ^ 

77.9 

35.7 

56.3 

387.3 

5x3Hx3^ 

12  X  i^ 

83.1 

40.8 

56.3         i 

396.2 

6x  4   x^ 

14  X  y. 

77.9 

47.6 

56.3     ; 

426.7 

5x3Hx3^ 

12  x^ 

83.1 

51.0 

56.3 

447.4 

6x  4   XJ4 

14  xM 

93.5 

47.6 

56.3 

467.7 

5x3Hx^ 

12  x^ 

95.9 

51.0 

56.3 

493.4 

6x  4   xj^ 

14x5^ 

93.5 

59.5 

56.3 

542.4 

6x  4   xVs 

14  X  ^ 

108.7 

59.5 

56.3 

588.0 

6x  4  xVs 

14  xM 

108.7 

71.4 

56.3 

193.1 

BxSVixVs 

76.0 

67.5 

218.5 

6x  4  xVa 

83.6 

67.5 

237.8 

5x3y»xy2 

88.8 

67.5 

271.5 

6x  4   xi^ 

99.2 

67.5 

280.6 

5x3>^x5^ 

101.6 

67.5 

311.7 

5x3i^x?^ 

12  x?^ 

76.0 

30.6 

67.5 

322.7 

6x  4   x5^ 

114.4 

67.5 

351.4 

5x3y2xys 

12  xj^ 

76.0 

40.8 

67.5 

357.1 

6x  4   x3^ 

14  x% 

83.6 

35.7 

67.5 

371.4 

27  xH 

6x  4   xM 

128.8 

67.5 

394.5 

5x33^x1^ 

12  X  J^ 

88.8 

40.8 

67.5 

403.4 

6x  4   x?^ 

14  xH 

83.6 

47.6 

67.5 

417.9 

6x  4   x]4 

143.2 

67.5 

433.8 

oxzyixy-i 

12  x^ 

88.8 

51.0 

67.5 

454.6 

6x  4   x}^ 

14  xM 

99.2 

47.6 

67.5 

474.8 

5x3>^x^ 

12  x% 

101.6 

51.0 

67.5 

500.5 

6x  4   xH 

14  x^ 

99.2 

59.5 

67.5 

649.5 

6x  4   x^g 

14  x^ 

114.4 

59.5 

67.5 

595.1 

6x  4   x^ 

14  xM 

114.4 

71.4 

67.5 

641.2 

6x  4   xJ4 

14x5^ 

128.8 

71.4 

67.5 

245.2 

5x3Hxi^ 

94.6 

78.S 

279.0 

27x%« 

6x  4   xH 

105.0 

78.8 

288.1 

5x3Hx^ 

107.4 

78.8 

330.2 

6x  4   xYi 

120.2 

78.8 
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CARNEGIE  STEEL 

COMPANY 

RIVETED  PLATE  GIRDERS— Continued 

Section 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modulus', 

Reaction 

Axis  1-1, 

Web 

Flange 

Flange 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inchess 

Plate 

Angles 

Plates 

Flange 
Angles 

Plates 

378.8 

6x   4  xU 

134.6 

78.8 

401.7 

5x3>ix3^ 

12  xj^ 

94.6 

40.8 

78.8 

425.3 

6x  4  xVa 

149.0 

78.8 

440.9 

5x3}^xH 

12x5^ 

94.6 

51.0 

78.8 

461.8 

27  X  %o 

6x  4  K^ 

14  x}^ 

105.0 

47.6 

78.8 

482.0 

5x3J^x% 

12  X  % 

107.4 

51.0 

78.8 

507.7 

6x   4  x}4 

14  X  Ya 

105.0 

59.5 

78.8 

556.6 

6x  4  x^ 

14x5^ 

120.2 

59.5 

78.8 

602.4 

6x  4  xya 

14  X  M 

120.2 

71.4 

78.8 

648.2 

6x   4  xM 

14  xM 

134.6 

71.4 

78.8 

194.5 

BxSVixVs 

71.4 

56.3 

221.0 

6x   4  xVa 

79.0 

56.3 

241.1 

BxSHxVi 

84.2 

56.3 

276.3 

6x   4  xl4 

94.6 

56.3 

285.8 

5x3y2xys 

97.0 

56.3 

317.8 

5xZ%x% 

12  x^ 

71.4 

30.6 

56.3 

329.7 

6x   4  xYi 

109.8 

56.3 

359.0 

dxiV^xYs 

12  XH 

71.4 

40.8 

56.3 

365.0 

28  X  %6 

Ox  4  x?^ 

14  x?^ 

79.0 

35.7 

56.3 

404.0 

5x3Mx>^ 

12  X  H 

84.2 

40.8 

56.3 

413.1 

6x  4  xM 

14  xH 

79.0 

47.6 

56.3 

444.8 

5x3Hx}^ 

12  X  Yi 

84.2 

51.0 

56.3 

466.5 

6x   4  x}^ 

14:  xH 

94.6 

47.6 

56.3 

487.6 

5x3>^xs^ 

12xY8 

97.0 

51.0 

56.3 

614.2 

6x.  4  x>^ 

14:  xH 

94.6 

59.5 

56.3 

565.4 

6x   4  x8^ 

14  x^ 

109.8 

59.5 

56.3 

612.7 

6x   4  x5^ 

14  X  M 

109.8 

71.4 

56.3 

202.5 

bxZYixYs 

77.3 

67.5 

229.0 

6x   4  x^ 

84.9 

67.5 

249.1 

5x3}^x3^ 

90.1  . 

67.5 

284.3 

6x   4  xY2 

100.5 

67.5 

293.8 

5x3i^x% 

102.9 

67.5 

325.6 

5x3^^x5^ 

12  x^ 

77.3 

30.6 

67.5 

337.7 

28  X  M 

6x  4  xYs 

115.7 

67.5 

366.7 

5x3Hx% 

12x}i 

77.3 

40.8 

67.5 

372.8 

6x  4  x?^ 

14  x% 

84.9 

35.7 

67.5 

388.5 

6x   4  x^ 

130.1 

67.5 

411.7 

5x3HxJ^ 

12  xH 

90.1 

40.8 

67.5 

420.8 

6x   4  x?^ 

14:XY2 

84.9 

47.6 

67.5 

437.0 

6x   4  xK 

144.5 

67.5 

452.5 

5x3HxJ'^ 

12xYs 

90.1 

51.0 

67.5 
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QiRDERS 


RIVETED  PLATE  GIRDERS— Continued 

Section 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modultis, 

Reaction 

Axis  1-1, 

Web 

Flange 

Flange 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inches'' 

Plates 

Angles 

Plates 

Flange 
Angles 

Plates 

474.3 

6x  4   xVi 

14  xH 

100.5 

47.6 

67.5 

495.3 

5x33-2x5^ 

12x5^ 

102.9 

51.0 

67.5 

521.9 

28  X  % 

6x  4    xH 

14  x  % 

100.5 

59.5 

67.5 

573.1 

6x  4   xys 

14  x^ 

115.7 

59.5 

67.5 

620.4 

6x  4   xH 

14  xH 

115.7 

71.4 

67.5 

668.6 

6x  4   xM 

14  xU 

130.1 

71.4 

67.5 

257.1 

5x3HxM 

96.1 

78.8 

292.4 

6x  4    xM 

106.5 

78.8 

301.8 

5x33^x5^ 

108.9 

78.8 

345.8 

6x  4   x^ 

121.7 

78.8 

396.5 

6x  4   xH 

136.1 

78.8 

419.5 

5x3HxM 

12  xK 

96.1 

40.8 

78.8 

445.1 

28  X  lU 

6x  4   xVs 

150.5 

78.8 

460.2 

5x3MxK 

12  X  % 

96.1 

51.0 

78.8 

482.0 

6x  4   xH 

14  xH 

106.5 

47.6 

78.8 

503.0 

5x3Hx% 

12  x^ 

108.9 

51.0 

78.8 

529.6 

6x  4    xK 

14  x^ 

106.5 

59.5 

78.8 

580.8 

6x  4    x5^ 

14  x^ 

121.7 

59.5 

78.8 

628.0 

6x  4    x^ 

14  x  M 

121.7 

71.4 

78.8 

676.2 

6x  4    xM 

14  xM 

136.1 

71.4 

78.8 

221.8 

5x3Hx^ 

79.9 

74.3 

250.5 

6x  4   xJi 

87.5 

74.3 

272.1 

5x3HxM 

92.7 

74.3 

310.3 

6x  4   xK 

103.1 

74.3 

320.5 

5x3Kx5^ 

105.5 

74.3 

353.8 

5x3Hxi^^ 

12  x% 

79.9 

30.6 

74.3 

366.2 

5x33^xJi 

117.5 

74.3 

368. 1 

Ox  4    x5-^ 

118.3 

74.3 

397.8 

5x3Mx?^ 

12  xH 

79.9 

40.8 

74.3 

404.7 

6x  4   xH 

14  X  % 

87.5 

35.7 

74.3 

423.1 

30  X  H 

6x  4   xM 

132.7 

74.3 

446.6 

5x33^xM 

12  xH 

92.7 

40.8 

74.3 

456.1 

6x  4   xj^ 

14  xH 

87.5 

47.6 

74.3 

475.8 

6x  4   xj^ 

147.1 

74.3 

490.3 

5x3HxH 

12  x^ 

92.7 

51.0 

74.3 

514.0 

6x  4   xH 

14  xM 

103.1 

47.6 

74.3 

536.7 

5x3^x5^ 

12  x^ 

105.5 

51.0 

74.3 

565.1 

Ox  4   xH 

14x5^ 

103.1 

59.5 

74.3 

620.6 

6x  4   x^ 

14  X  % 

118.3 

59.5 

74.3 

671.3 

6x  4   x5i 

14  X  Ji 

118.3 

71.4 

74.3 

723.8 

6x  4   xM 

14x?i 

132.7 

71.4 

74.3 
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CARNEGIE    STEEL 

COMPANY 

!                       RIVETED  PLATE  GIRDERS— Continued 

! 

Section 
Modulus, 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 

End 
Reaction 

Axis  1-1, 
Inches'^ 

Web 
Plates 

Flange 
Angles 

Flange 
Plates 

Web  Plate 

and 

Flange 

Angles 

Flange 
Plates 

in 

Thousands 

of 

Pounds 

281.4 

5x3i^xK 

99.0 

86.6 

319.5 

6x  4  x3^ 

109.4 

86.6 

329.7 

5x3  Hx  5^ 

111.8 

86"6 

375.5 

5x3  3^x3^ 

123.8 

86.6 

377.3 

6x  4  xYs, 

124.6 

86.6 

432.3 

6x  4  xM 

139.0 

86.6 

455.5 

5x31^x3^ 

12  X  K 

99.0 

40.8 

86.6 

485.0 

30  X  %6 

6x  4  xK 

153.4 

86.6 

499.2 

5x33^x3^ 

12  X  5^ 

99.0 

51.0 

86.6 

523.0 

6x  4  xVi 

14  X  V2 

109.4 

47.6 

86.6 

545.6 

5xZV2yi% 

12  X  Vs 

111.8 

51.0 

86.6 

574.0 

6x  4  xM 

14  X   5,^ 

109.4 

59.5 

86.6 

629.5 

6x  4  xYs 

14  X  % 

124.6 

59.5 

86.6 

680.1 

6x  4  kYs 

14  X  M 

124.6 

71.4 

86.6 

732.6 

6x  4  xH 

14  X  34 

139.0 

71.4 

86.6 

290.6 

5x3>^x3^ 

105.4 

99.0 

328.8 

6x  4  xM 

115.8 

99.0 

338.9 

5x3  Hx^ 

11S.2 

99.0 

384.7 

5x3  3^xM 

130.2 

99.0 

386.5 

6x  4  x% 

131.0 

99.0 

441.5 

6x  4  x^' 

145.4 

99.0 

464.4 

5x3>^xH 

12  X  K 

105.4 

40.8 

99.0 

494.2 

30  X  J^ 

6x  4  xj^ 

159.8 

99.0 

508.0 

5x3J-^x>^ 

12  X   5^ 

105.4 

51.0 

99.0 

631.9 

6x  4  x3^ 

14  X  Vi 

115.8 

47.6 

99.0 

554.5 

5x3  Hx^ 

12  X    5^ 

118.2 

51.0 

99.0 

582.8 

6x  4  xVi 

14  X  % 

115.8 

59.5 

99.0 

638.3 

6x  4  x5^ 

14  X  ^ 

131.0 

59.5 

99.0 

688.9 

6x  4  x^ 

14  X  M 

131.0 

71.4 

99.0 

741.3 

6x  4  xM 

14  X  H 

145.4 

71.4 

99.0 

251.7 

5x3i^xJ^ 

83.7 

81.0 

283.7 

6x  4  x^ 

91.3 

81.0 

307.7 

5x3  ^xH 

96.5 

81.0 

308.4 

6x  6  x% 

101.7 

121.5 

350.3 

6x  4  xH 

106.9 

81.0 

361.5 
383.6 

33  X  3^ 

5x3  Hx^ 
6x  6  x^ 

109.3 
120.5 

81.0 
121.5 

396.9 

5x3  MxJ^ 

12  X  Vs 

83.7 

30.6 

81.0 

412.5 

5x3  ^xJi 

121.3 

81.0 

414.7 

6x  4  x^ 

122.1 

81.0 

445.5 

5x3  KxJ^ 

12  X  J^ 

83.7 

40.8 

81.0 

453.4 

6x  4  x^ 

14  X  ^ 

91.3 

35.7 

81.0 
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GIRDERS 


RIVETED  PLATE  GIRDERS— Continued 

Section 
Modulus, 

Axis  1-1, 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 

End 

Reaction 

in 

Thousands 

of 

Pounds 

Web 

Flange 

Flange 

Web  Plate 
and 

Flange 

Inches' 

Plate 

Angles 

Plates 

Flange 
-A-ngles 

Plates 

455.9 

Gx   6  x^A 

138.9 

121.5 

476.1 

6x   4  x'A 

136.5 

81.0 

477.6 

6x   6  xH 

14  x?^ 

101.7 

35.7 

121.5 

499.8 

5x3HxH 

12  xH 

96.5 

40.8 

81.0 

510.0 

6x   4  x% 

14  xK 

91.3 

47.6 

81.0 

525.4 

6x   6  xM 

156.9 

121.5 

534.1 

6x   6  x^^ 

14  x}^ 

101.7 

47.6 

121.5 

548.0 

5x3HxJ^ 

12x5^ 

96.5 

51.0 

81.0 

574.7 

6x   4  x}4 

14  xH 

106.9 

47.6 

81.0 

590.6 

6x    6  xH 

14  X  yg 

101.7 

59.5 

121.5 

592.6 

33x  Ji 

6x   6  x% 

174.5 

121.5 

699.9 

SxSViXVs 

12  x^ 

109.3 

51.0 

81.0 

607.1 

6x   6  xH 

14  xH 

120.5 

47.6 

121.5 

C30.9 

6x   4  x}4 

14x6^ 

106.9 

59.5 

81.0 

663.1 

Gx    Q  xVi 

14  x^ 

120.5 

59.5 

121.5 

693.0 

Gx   4  xVs 

14  X  ^ 

122.1 

59.5 

81.0 

719.2 

Gx   6  xVi 

14  xM 

120.5 

71.4 

121.5 

732.7 

6x    6  xVi 

14  x^ 

138.9 

59.5 

121.5 

748.9 

6x   4  x% 

14  X  M 

122.1 

71.4 

81.0 

788.3 

6x   6  xVi 

14  xM 

138.9 

71.4 

121.5 

807.6 

Gx   4  xM 

14  xM 

136.5 

71.4 

81.0 

854.9 

6x   6  xM 

14  xM 

156.9 

71.4 

121.5 

318.9 

bxZViXVi 

103.5 

94.5 

361.5 

Gx   4  xH 

113.9 

94.5 

372.7 

5x3i^x^g 

116.3 

94.5 

394.8 

6x   6  xV2 

127.5 

141.8 

423.7 

5x3HxM 

128.3 

94.5 

425.8 

Gx   4  xj^ 

129.1 

94.5 

467.0 

Gx   6  xYi 

145.9 

141.8 

487.2 

Gx    4  xU 

143.5 

94.5 

510.7 

33  X  yi6 

5xsy2xy2 

12  XH 

103.5 

40.8 

94.5 

536.6 

Gx    6  xM 

163.9 

141.8 

558.8 

5x3Hx^ 

\2xH 

103.5 

51.0 

94.5 

585.6 

6x   4  xH 

14  xj^ 

113.9 

47.6 

94.5 

603.8 

6x    6  x^ 

181.5 

141.8 

610.6 

5x3^^x5-1 

12  x^ 

116.3 

51.0 

94.5 

617.9 

Gx   G  xH 

14  X  Yi 

127.5 

47.6 

141.8 

641.7 

Gx   i  xl4 

14  x^ 

113.9 

59.5 

94.5 

673.9 

6x    6  x}4 

14  X  H 

127.5 

59.5 

141.8 

703.8 

Gx   4  x5^ 

14  x^ 

129.1 

59.5 

94.5 

CARNEQIE    STEEL    COMPANY 


RIVETED  PLATE  GIRDERS— Continued 

Section 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modulus, 

Reaction 

•      Axis  1-1, 

Web 

Flange 

Flange 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inches'' 

Plates 

Angles 

Plates 

Flange 
Angles 

Plates 

729.9 

6x  6   xH 

14  X  M 

127.5 

71.4 

141.8 

743.5 

6x  6   xVs 

14  X  H 

145.9 

59.5 

141.8 

759.0 

33  X  %6 

6x  4   xVs 

14  X  M 

129.1 

71.4 

94.5 

799.0 

6x  6   xVs 

14  X  M 

145.9 

71.4 

141.8 

818.3 

6x  4   xM 

14  xM 

143.5 

71.4 

94.5 

865.6 

6x  6   xM 

14  xK 

163.9 

71.4 

141.8 

330.0 

5x33^xJ^ 

110.5 

108.0 

372.6 

6x  4  xH 

120.9 

108.0 

383.9 

BxSVsxVs 

123.3 

108.0 

406.0 

6x  6   xVi 

134.5 

162.0 

434.9 

5x3HxM 

135.3 

108.0 

437.0 

6x  4   x^ 

136.1 

108.0 

478.2 

6x  6   xVs 

152.9 

162.0 

498.4 

6x  4   xM 

150.5 

108.0 

521.5 

5x3>^x3-^ 

12  X  >^ 

110.5 

40.8 

108.0 

547.8 

6x  6  x% 

170.9 

162.0 

569.5 

5x334x3^ 

12  X  % 

110.5 

51.0 

108.0 

596.4 

33  X  J^ 

6x  4   x}4 

14  xM 

120.9 

47.6 

108.0 

615.0 

6x  6   xVs 

188.5 

162.0 

621.4 

5x3J^x^ 

12  x^ 

123.3 

51.0 

108.0 

628.8 

6x  6   x}4 

14X}'2 

134.5 

47.6 

162.0 

652.5 

6x  4   xH 

14  x  5^ 

120.9 

59.5 

108.0 

684.6 

6x  6   xH 

14  X  ^ 

•  134.5 

59.5 

162.0 

714.5 

6x  4   x5^ 

14  x^ 

136.1 

59.5 

108.0 

740.6 

6x  6  xH 

14  xM 

134.5 

71.4 

162.0 

754.3 

6x  6   x5^ 

14  x% 

152.9 

59.5 

162.0 

770.3 

6x  4   x^ 

14  x  M 

136.1 

71.4 

108.0 

809.7 

6x  6   xVs 

14  xM 

152.9 

71.4 

162.0 

829.0 

6x  4   xM 

14  X  J^ 

150.5 

71.4 

108.0 

876.3 

6x  6   xM 

14  X  M 

170.9 

71.4 

162.0 

318.0 

6x  4   x^ 

95.1 

87.8 

344.4 

5x3J^xJ^ 

100.3 

87.8 

346.9 

6x  6   x% 

105.5 

135.0 

391.4 

6x  4   xH 

110.7 

87.8 

403.7 

5x3Hx5i 

113.1 

87.8 

430.3 

36  X  % 

6x  6   xl4 

124.3 

135.0 

460.0 

SxSVixH 

125.1 

87.8 

462.4 

6x  4   x^g 

125.9 

87.8 

503.3 

6x  4   xj^ 

14  X  ?^ 

95.1 

35.7 

87.8 

510.5 

6x  6   xyg 

142.7 

135.0 

530.2 

6x  4   xM 

140.3 

87.8 

531.6 

6x  6   xVs 

14  xH 

105.5 

35.7 

135.0 
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GIRDERS 


RIVETED  PLATE  GIRDERS— Continued 

Section 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modulus, 

Reaction 

Axis  1-1. 

Web 

Flange 

Flange 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

InchesS 

Plates 

-Angles 

Plates 

Flange 
Angles 

Plates 

554.3 

oxsy^xH 

12  xK 

100.3 

40.8 

87.8 

565.1 

6x  4   xVs 

14x3^ 

95.1 

47.6 

87.8 

593.2 

6x  6   xVs 

14  xH 

105.5 

47.6 

135.0 

595.3 

Gx  4   xVs 

154.7 

87.8 

606.8 

5x3Hx}^ 

12  x^ 

100.3 

51.0 

87.8 

636.5 

6x  4x1^ 

14  xj^ 

110.7 

47.6 

87.8 

654.9 

6x  6   xH 

14  X  ^ 

105.5 

59.5 

135.0 

664.2 

36  X  ^i 

SxSHxVs 

12  X  ^ 

113.1 

51.0 

87.8 

674.4 

6x  6  xy. 

14  xi^ 

124.3 

47.G 

135.0 

698.0 

6x  4    xy2 

14  x^ 

110.7 

59.5 

87.8 

735.5 

6x  6    xH 

14  x^ 

124.3 

59.5 

135.0 

766.6 

Gx  4    x5^ 

14  x^ 

125.9 

59.5 

87.8 

796.8 

Gx  6    xl4 

14  X  M 

124.3 

71.4 

135.0 

813.1 

Gx  6   xVs 

14  x^ 

142.7 

59.5 

135.0 

827.6 

Gx  4   xVs 

14  xM 

125.9 

71.4 

87.8 

873.8 

6x  6   xVa 

14  xM 

142.7 

71.4 

135.0 

892.8 

6x  4   xM 

UxVi 

140.3 

71.4 

87.8 

357.7 

sxsy^xy 

108.0 

102.4 

404.7 

Gx  4   x}4 

118.4 

102.4 

417.0 

oxSy^xVs 

120.8 

102.4 

443.6 

Gx  6   xH 

132.0 

157.5 

473.3 

5x3Hx?i 

132.8 

102.4 

475.7 

6x  4   xH 

133.6 

102.4 

523.8 

6x  6    xH 

1.50.4 

157.5 

543.5 

Gx  4   xU 

148.0 

102.4 

567.2 

5x3HxH 

12  xH 

lOS.O 

40.8 

102.4 

608.6 

36  X  Vie 

6x  4   xj^ 

1G2.4 

102.4 

619.7 

5x3Hxy2 

12x5^ 

108.0 

51.0 

102.4 

649.5 

Gx  4   xH 

14  xH 

118.4 

47.G 

102.4 

677.1 

5x3J^xJ^ 

12  x^ 

120.8 

51.0 

102.4 

687.3 

6x  6   x}4 

14  X  1-^ 

132.0 

47.6 

157.5 

710.8 

Gx  4    xH 

14  X  % 

118.4 

59.5 

102.4 

748.4 

6x  6    xl4 

14  X  Vi 

132.0 

59.5 

157.5 

779.5 

. 

Gx  4   x^ 

14  x^ 

133.6 

.59.5 

102.4 

809.5 

Gx  6    xH 

14  xM 

132.0 

71.4 

157.5 

825.9 

Gx  6   xYa 

14  X  5^ 

150.4 

59.5 

157.5 

840.4 

Gx  4    x?-^ 

14  xM 

133.6 

71.4 

102.4 

886.6 

Gx  6    x-^'i 

14  X  M 

150.4 

71.4 

157.5 

905.5 

Gx  4    x»i 

14x5i 

148.0 

71.4 

102.4 
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CARNEGIE 

STEEL 

COMPANY 

RIVETED  PLATE  GIRDERS— Continued 

Section 
Modulus, 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 

End 
Reaction 

Axis  1-1, 

Web 

Flange 

Flange 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inchess 

Platea 

Angles 

Plates 

Flange 
Angles 

Plates 

418.0 

6x4x3^ 

126.0 

117.0 

456.9 

6  X  6x  J^ 

139.6 

18C.0 

489.0 

6x  4x  ^ 

141.2 

117.0 

537.1 

6x6  X  ^ 

158.0 

180.0 

556.9 

6  x4x  ?i 

155.6 

117.0 

614.5 

6x  6  X  ?i 

176.0 

180.0 

621.9 

6x4x  >^ 

170.0 

117.0 

662.5 

6  X  4  X  Yo 

14  X  I2 

126.0 

47.6 

117.0 

689.2 

6  X  6  X  J  8 

193.6 

180.0 

700.3 

6  X  6  X  }^ 

14  X  li 

139.0 

47.6 

180.0 

723.7 

6  X  4  X  H 

14x5^ 

126.0 

59.5 

117.0 

761.3 

36  X  H 

6  x6  X  M 

14  X  Vs 

139.6 

59.5 

180.0 

792.3 

6x4x5^ 

14  X  Vs 

141.2 

59.5 

117.0 

822.3 

6  X  6  X  K 

14  X  % 

139.0 

71.4 

180.0 

838.8 

6  X  6  X  ^g 

14  X  Vi 

158.0 

59.5 

180.0 

853.2 

6x4x5^ 

14  X  H 

141.2 

71.4 

117.0 

899.4 

6x6x5^ 

14  X   3^' 

158.0 

71.4 

180.0 

918.3 

6  x  4  X  M 

14  X  U 

155.6 

71.4 

117.0 

973.7 

6  X  6  X  ^i 

14  X   3^ 

176.0 

71.4 

180.0 

1039.4 

6x  4x  M 

14  X   1 

155.6 

95.2 

117.0 

1094.1 

6  y.  6  X  Ji 

14  X  1 

176.0 

95.2 

183.0 

1101.1 

6x4x  J^ 

14  X  1 

170.0 

95.2 

117.0 

1164.9 

6x  6x  K 

14  X  1 

193.6 

95.2 

180.0 

444.7 

6  X  4  X  J4 

141.3 

146.3 

483.5 

6  X  6  X  H 

154.9 

225.0 

515.7 

6x  4x  ^ 

156.5 

146.3 

563.7 

6x  6x  ^ 

173.3 

225.0 

583.5 

6x  4x  ^ 

170.9 

146.3 

641.2 

6x  6x  ^ 

191.3 

225.0 

648.5 

6x4x  J^ 

185.3 

146.3 

688.4 

36  x% 

6x4x  H 

14  X  y. 

141.3 

47.6 

146.3 

715.8 

6  x  6  X  J^ 

208.9 

225.0 

726.2 

6x6x1-^ 

14  xK 

154.9 

47.6 

749.4 

6  X  4  X  M 

14  x^ 

141.3 

59.5 

146.3 

787.0 

6  X  6  X  J^ 

14x5^ 

154.9 

59.5 

225.0 

818.1 

6x4x5^ 

14  x  ^ 

156.5 

59.5 

146.3 

847.9 

6  X  6x  K 

14:  xH 

154.9 

71.4 

225.0 

864.6 

6  X  6  X  ^ 

14  x^ 

173.3 

59.5 

225.0 

878.8 

6x4x  ^ 

14  xM 

156.5 

71.4 

146.3 

924.9 

6x6x5^ 

14  xM 

173.3 

71.4 

225.0 
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GIRDERS 


RIVETED  PLATE  GIRDERS— Continued 

Section 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modulus, 

Reaction 

Axis  1-1, 

Web 

Flange 

Flange 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inches-' 

Plates 

Angles 

Plates 

Flange 
Angles 

Plates 

943.9 

6  X  4  X  M 

14  xM 

170.9 

71.4 

146.3 

999.3 

6x6xH 

14  xM 

191.3 

71.4 

225.0 

1045.9 

6x6x5^ 

14  X  1 

173.3 

95.2 

225.0 

1064.7 

36x5i 

6x4x  M 

14  X   1 

170.9 

95.2 

146.3 

1119.3 

6x  6x  ?i 

14  X   1 

191.3 

95.2 

225.0 

1126.3 

6  X  4  X  J^ 

14  X  1 

185.3 

95.2 

146.3 

1190.1 

6  X  6  X  J^ 

14  X  1 

208.9 

95.2 

225.0 

390.2 

Gx4x% 

102.8 

101.3 

427.5 

6x6xM 

113.2 

157.5 

477.2 

6  X  4  X  H 

118.4 

101.3 

527.2 

6  X  6x  J^ 

132.0 

157.5 

561.4 

6x4x5^ 

133.6 

101.3 

606.6 

6x  4  X  % 

14  x% 

102.8 

35.7 

101.3 

623.5 

0  X  6  X  ^ 

150.4 

157.5 

63S.3 

6x4x^ 

16  x% 

102.8 

4C.8 

101.3 

642.1 

6  X  4  X  M 

148  0 

101.3 

643.2 

6x6x5^ 

14  x% 

113.2 

35.7 

157.5 

675.1 

6  X  6  X  H 

16  x% 

113.2 

40.8 

157.5 

678.6 

6x4xM 

14  xj^ 

102.8 

47.6 

101.3 

715.2 

6x6x% 

14  xj^ 

113.2 

47.6 

157.5 

716.5 

6  X  6  X  M 

168.4 

157.5 

719.5 

6x4x  J^ 

162.4 

101.3 

757.7 

6x6x^ 

16  xj^ 

113.2 

54.4 

157.5 

763.7 

42x  Ji 

6x4x  H 

14  xj^ 

118.4 

47.6 

101.3 

787.2 

6x  6x  H 

14  x  ^ 

113.2 

59.5 

157.5 

806.2 

6x4x1^ 

16x3^ 

118.4 

54.4 

101.3 

806.4 

6  X  6  x  J^ 

186.0 

157.5 

812.7 

6  X  6  X  H 

MxH 

1.32.0 

47.6 

157.5 

835.5 

6  X  4  X  i.<J 

14:  x% 

118.4 

59.5 

101.3 

855.2 

6  X  6  X  K 

16  xK 

1.32.0 

54.4 

157.5 

884.2 

6x  6  X  H 

14  x^ 

1.32.0 

59.5 

157.5 

917.3 

6  X  4  X  ^ 

14  x^ 

1.33.6 

59.5 

101.3 

937.3 

6x6x1^ 

16  x^ 

132.0 

68.0 

157.5 

955.7 

6x6x  H 

14  xM 

132.0 

71.4 

157.5 

970.4 

6x  4x  ^ 

l&x% 

133.6 

68.0 

101.3 

977.6 

6x6x5^ 

14  x^ 

150.4 

59.5 

157.5 

988.7 

6x4x^ 

14  xM 

133.6 

71.4 

101.3 

1030.8 

6x6x  ^ 

16  x% 

150.4 

68.0 

157.5 

1048.6 

6  X  6  X  J^ 

14x  Ji 

150.4 

71.4 

157.5 

1066.6 

6  X  4  X  Ji 

14  xM 

148.0 

71.4 

101.3 

1112.4 

6x6x5i 

16  x% 

150.4 

81.6 

157.5 

CARNEQIE 

STEEL 

COMPANY 

RIVETED  PLATE  GIRDERS— Continued 

Section 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modulus, 

Reaction 

Axis  1-1, 

Web 

Flange 

Flange 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inches^ 

Plates 

Angles 

Plates 

Flange 

Angles 

Plates 

1130.4 

6  X  4  X  M 

16  xM 

148.0 

81.6 

101.3 

1138.5 

6  x  6  x  M 

14  X  M 

168.4 

71.4 

157.5 

1194.1 

6x6x  ^ 

16  x% 

150.4 

95.2 

157.5 

1202.3 

42x5^ 

6x6x  M 

16  X  M 

168.4 

81.6 

157.5 

1283.5 

6x  6x  % 

16  x% 

168.4 

95.2 

157.5 

1286.4 

6x4x7^ 

16  xj^ 

162.4 

95.2 

101.3 

1369.9 

6x  6x  % 

16  xK 

186.0 

95.2 

157.5 

495.3 

6  X  4  X  K 

127.3 

118.1 

645.4 

6x6x1^ 

140.9 

183.8 

579.5 

6x4x5^ 

142.5 

118.1 

641.6 

6x6x5^ 

159.3 

183.8 

660.2 

6x4  x  % 

156.9 

118.1 

734.7 

6  X  6  X  J^ 

177.3 

183.8 

737.6 

6x4x  J^ 

171.3 

118.1 

781.5 

6x4x  J^ 

14  xH 

127.3 

47.6 

118.1 

824.0 

6x4x  J^ 

16  x^ 

127.3 

54.4 

118.1 

824.6 

6x6x  Ji 

194.9 

183.8 

830.4 

6x6x3^ 

14  xH 

140.9 

47.6 

183.8 

853.1 

6x4x3^ 

14  X  5^ 

127.3 

59.5 

118.1 

872.9 

6x6x1^ 

16x1^ 

140.9 

54.4 

183.8 

901.8 

6x  6x  H 

14  X  5^ 

140.9 

59.5 

183.8 

934.9 

42  X  Vie 

6x  4x  ^ 

14  x^ 

142.5 

59.5 

118.1 

954.9 

6x  6x  J^ 

16  x% 

140.9 

68.0 

183.8 

973.2 

6x6x1.^ 

14  X  M 

140.9 

71.4 

183.8 

988.1 

6x4x  ^ 

16x5^ 

142.5 

68.0 

118.1 

995.3 

6x6x5^ 

14  X  ^ 

159.3 

59.5 

183.8 

1006.2 

6x4x5^ 

14  x  M 

142.5 

71.4 

118.1 

1048.4 

6x6x5^ 

16  X  5^ 

159.3 

68.0 

183.8 

1066.2 

6x6x5^ 

14  xM 

159.3 

71.4 

183.8 

1084.1 

6  X  4  X  M 

14  X  M 

156.9 

71.4 

118.1 

1129.9 

6x  6x  ^ 

16  xM 

159.3 

81.6 

183.8 

1147.9 

6  X  4  X  3^ 

16  X  J^ 

156.9 

81.6 

118.1 

1156.0 

6x  6x  M 

14  xM 

177.3 

71.4 

183.8 

1211.6 

6x  6x  H 

16x  Ji 

159.3 

95.2 

183.8 

1219.8 

6x  6x  ?^ 

16  xM 

177.3 

81.6 

183.8 

1300.9 

6  X  6  X  M 

16x  >g 

177.3 

95.2 

183.8 

1387.3 

6  X  6  X  J^ 

16  X  % 

194.9 

95.2 

183.8 

513.5 

6  X  4  X  H 

136.2 

135.0 

563.5 

6x  6  X  H 

149.S 

210.0 

597.7 

42  xH 

6x4x  % 

151.4 

135.0 

659.8 

6x6x5^ 

168.2 

210.0 

678.4 

G  X  4  x  3^ 

165.8 

135.0 
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GIRDERS 


RIVETED  PLATE  GIRDERS— Continued 

Section 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modulus, 

Reaction 

Axis  1-1, 

Web        1      Flange 

F.a;:;ge 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inches^, 

Plates       !      Angles 

Plates 

Flange 
Angles 

Plates 

752.8 

6  X  6  X  M 

186.2 

210.0 

755.8 

6x4x  J^ 

180.2 

135.0 

799.2 

6x4x  H 

14  X  14 

136.2 

47.6 

135.0 

841.7 

6x4x  H 

16  xH 

136.2 

54.4 

135.0 

842.7 

6x6x  Ji 

203.8 

210.0 

848.1 

6x6x  H 

14  x>^ 

149.8 

47.6 

210.0 

870.8 

6  x4x  H 

14  x  s^ 

136.2 

59.5 

135.0 

890.6 

6x  6x  3^ 

16  xH 

149.8 

54.4 

210.0 

919.4 

6x  6x  H 

14  X  % 

149.8 

59.5 

210.0 

952.6 

6  X  4  X  ^ 

14x5^ 

151.4 

59.5 

135.0 

972.6 

6x6x  H 

16x5^ 

149.8 

68.0 

210.0 

990.8 

6  X  6  X  K 

14  xM 

149.8 

71.4 

210.0 

1005.7 

6  X  4  X  ^ 

16x5^ 

151.4 

68.0 

135.0 

1012.9 

42  xH 

6  X  6  X  % 

14  X  5^ 

168.2 

59.5 

210.0 

1023.7 

6x  4x  ^ 

14  xM 

151.4 

71.4 

135.0 

1066.0 

6x  6x  ^ 

16  X  ^ 

168.2 

68.0 

210.0 

1083.7 

6x  6x  ^ 

14  xM 

168.2 

71.4 

210.0 

1101.7 

6  X  4  X  M 

14  X  M 

165.8 

71.4 

135.0 

1147.5 

6  X  6  X  ^ 

16  xM 

168.2 

81.6 

210.0 

1165.4 

0  X  4  X  M 

16  xM 

165.8 

81.6 

135.0 

1173.6 

6  X  6  X  M 

14  x  M 

186.2 

71.4 

210.0 

1229.0 

6  X  6  X  ^ 

16  x% 

168.2 

95.2 

210.0 

1237.4 

6  X  6  X  M 

16  xM 

186.2 

81.6 

210.0 

1318.4 

6x  6x  ?i 

16  xK 

186.2 

95.2 

210.0 

1321.2 

6x4  X  J^ 

WxVs 

180.2 

95.2 

135.0 

1404.7 

6x6x  J^ 

16  xK 

203.8 

95.2 

210.0 

466.9 

6  x4x  M 

110.4 

121.5 

512.7 

6x6x  % 

120.8 

180.0 

567.4 

6x  4x  H 

126.0 

121.5 

628.9 

6x6x14 

139.6 

180.0 

664.9 

6  X  4  X  5-g 

141.2 

121.5 

714.4 

6x4x  ^ 

14  xH 

110.4 

35.7 

121.5 

741.3 

6x6x  ^ 

158.0 

180.0 

750.8 

6x4x  ^ 

16  X  H 

110.4 

40.8 

121.5 

758.5 

48  xH 

G  X  4  X  M 

155.6 

121.5 

759.5 

6  x  6  X  ?i 

14  x?^ 

120.8 

35.7 

180.0 

796.9 

6x6x3^ 

16  x^ 

120.8 

40.8 

180.0 

797.0 

6x4  X  Ji 

14  xH 

110.4 

47.6 

121.5 

841.9 

6  X  6  X  ^ 

14  xH 

120.8 

47.6 

180.0 

848.3 

6x4x  ^ 

170.0 

121.5 

850.1 

6x6xH 

176.0 

180.0 

890.4 

6x  6x  ^ 

16  xH 

120.8 

54.4 

180.0 

895.5 

!  6x4x  M 

14  xH 

126.0 

47.6 

121.5 
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CARNEGIE    STEEL 

COMPANY 

RIVETED  PLATE  GIRDERS— Continued 

Section 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modulus, 

Reaction 

Axis  1-1, 
Inches'^ 

Web 
Plates 

Flange 
Angles 

Flange 
Plates 

Web  Plate 

and 

Flange 

Angles 

Flange 
Plates 

in 

Thousands 

of 

Pounds 

924.3 

6  X  6  X  H 

14  x  ^ 

120.8 

59.5 

180.0 

944.0 

6x4x3^ 

16x1^ 

126.0 

54.4 

121.5 

955.2 

6x  6x  K 

193.6 

180.0 

955.8 

6x  6x  J^ 

14  X  Yi 

139.6 

47.6 

180.0 

977.7 

6x4x  J^ 

14  X  ^ 

126.0 

59.5 

121.5 

1004.3 

6x6x1^ 

16x3^ 

139.6 

54.4 

180.0 

1037.6 

6x6x1^ 

14  X  ^ 

139.6 

59.5 

180.0 

1072.7 

6x4x5^ 

14  x^ 

141.2 

59.5 

121.5 

1098.2 

6  X  6  X  H 

16  x^ 

139.6 

68.0 

180.0 

1119.5 

6  X  6  X  Yi 

14  xM 

139.6 

71.4 

180.0 

1133.3 

6x4x5^ 

16  x^ 

141.2 

68.0 

121.5 

1147.1 

48  X  H 

6x6x5^ 

14  x^ 

158.0 

59.5 

180.0 

1154.4 

6x4x  ^ 

14  xM 

141.2 

71.4 

121.5 

1207.8 

6x6x5^ 

16  X  Yi, 

158.0 

68.0 

180.0 

1228.4 

6x6x5^ 

14  xH 

158.0 

71.4 

ISO.O 

1245.2 

6x4x  M 

14  xM 

155.G 

71.4 

121.5 

1301.2 

6x6x5^ 

16  xM 

158.0 

81.6 

180.0 

1317.9 

6x4  X  M 

16  xM 

155.0 

81.6 

121.5 

1334.0 

6  X  6  X  M 

14x3^ 

176.0 

71.4 

180.0 

1394.7 

6  X  6  X  s^g 

16xYs 

158.0 

95.2 

180.0 

1406.7 

6  X  6  X  M 

16  xM 

176.0 

81.6 

180.0 

1498.1 

6  X  4  X  K 

16  xK 

170.0 

95.2 

121.5 

1499.7 

6  X  6  X  M 

16x  Ji 

176.0 

95.2 

180.0 

1601.3 

6  X  6  X  K 

16x  Ji 

193.6 

95.2 

180.0 

591.2 

6  X  4  X  M 

136.2 

141.8 

652.7 

6x  6x  H 

149.S 

210.0 

688.7 

6  X  4  X  ^ 

151.4 

141.8 

765.0 

6x6x5^ 

168.2 

210.0 

782.3 

6  X  4  X  % 

165.8 

141.8 

872.1 

6  X  4  X  K 

180.2 

141.8 

873.8 

6x6x  M 

186.2 

210.0 

918.8 

6x4x  K 

14  xM 

136.2 

47.6 

141.8 

967.3 

6x4x  H 

16  xj^ 

136.2 

54.4 

141.8 

979.0 

48  X  %o 

6x6x  J^ 

203.8 

210.0 

979.0 

6x6x1^ 

14x1^ 

149.S 

47.6 

210.0 

1000.8 

6  X  4  X  }^ 

14  X  Ys 

136.2 

59.5 

141.8 

1027.6 

6  X  6  x  1 2 

16  X  J^ 

149.8 

54.4 

210.0 

1060.8 

6  X  6  X  H 

14  x  Ys 

149.8 

59.5 

210.0 

1095.8 

6x4x  ^ 

14  X  ^ 

151.4 

59.5 

141.8 

1121.4 

6x  6x  H 

16  x^ 

149.8 

68.0 

210.0 

1142.5 

6x6x1^ 

14  X  H 

149.S 

71.4 

210.0 

1156.5 

6x4x5^ 

16  X  5^ 

151.4 

68.0 

141.8 
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RIVETED  PLATE  GIRDERS— Continued 

Section 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 
End 

Modulus, 

Reaction 

^J-^'      ,        Web              Flange 

Plange 

Web  Plate 
and 

Flange 

in 

Thousands 

of 

Pounds 

Inches^'            Plates             Angles 

Plates 

Flange 
1      Angles 

Plates 

1170.3 

GxGxH 

14  x^ 

1 

168.2 

59.5 

210.0 

1177.4 

6x4x^ 

14  xM 

151.4 

71.4 

141.8 

1230.9 

6x6x5^ 

16  x^ 

168.2 

68.0 

210.0 

1251.5 

6  X  6  X  Ji 

14  xM 

168.2 

71.4 

210.0 

1268.2 

6x4x3^ 

14  xM 

165.8 

71.4 

141.8 

1324.3 

6x6x5^ 

16  xH 

168.2 

81.6 

210.0 

1341.0 

48  X  %e 

6  X  4  X  Ji 

16  xM 

165.8 

81.6 

141.8 

1357.0 

6x  6  X  M 

14  xM 

186.2 

71.4 

210.0         ' 

1417.7 

6x6x^ 

16  xK 

168.2 

95.2 

210.0     : 

1429.8 

6x  6x  M 

16  xM 

186.2 

81.6 

210.0 

1521.0 

6  X  4  X  J^ 

16  x% 

180.2 

95.2 

141.8 

1522.7 

6  X  6  X  J4 

16  x% 

186.2 

95.2 

210.0 

1624.2 

6x  6x  K 

16  xj^ 

203.8 

95.2 

210.0 

615.0 

6x4x  J^ 

146.4 

162.0 

676.4 

6x  6x  }^ 

160.0 

240.0 

712.4 

6x4x  ^ 

161.6 

162.0 

788.8 

6x6xyg 

178.4 

240.0 

806.0 

6x4  X  M 

176.0 

162.0 

895.8 

6x4xK 

190.4 

162.0 

897.6 

6x  6  X  M 

196.4 

240.0 

942.1 

6  X  4  X  1^ 

14  xH 

146.4 

47.6 

162.0 

990.6 

6  X  4  X  H 

16  xM 

146.4 

54.4 

162.0 

1002.3 

6  X  6  X  H 

14  xH 

160.0 

47.6 

240.0 

1002.7 

6x6xK 

214.0 

240.0 

1024.0 

6x4x3^ 

14  xM 

146.4 

59.5 

162.0 

1050.8 

6  X  6  X  H 

16  xH 

160.0 

54.4 

240.0 

1083.9 

6x  6x  H 

14  x% 

160.0 

59.5 

240.0 

1119.0 

6x4x5^ 

14  x^ 

161.6 

59.5 

162.0 

1144.5 

48  xM 

6x  6x  H 

16  x% 

160.0 

68.0 

240.0 

1165.6 

6x6x  K 

14  xM 

160.0 

71.4 

240.0 

1179.6 

6x4x^ 

16  x^ 

161.6 

68.0 

162.0 

1193.4 

6x6x5^ 

14  x% 

178.4 

59.5 

240.0 

1200.5 

6x4x^^ 

14  xM 

161.6 

71.4 

162.0 

1254.1 

6  X  6  X  s.^ 

16  x^ 

178.4 

68.0 

240.0 

1274.5 

6x  6x  ^ 

14  xM 

178.4 

71.4 

240.0 

1291.2 

6x4x2^ 

14  xM 

176.0 

71.4 

162.0 

1347.3 

6x6x5^ 

16  xM 

178.4 

81.6 

240.0 

1364.0 

6x4  X  M 

16  xM 

176.0 

81.6 

162.0 

1380.0 

6  X  6  X  Ji 

14  x% 

196.4 

71.4 

240.0 

1440.6 

6  X  6  X  ^ 

lexVs 

178.4 

95.2 

240.0 

1452.8      1 

6x6x8^ 

16  xM 

196.4 

81.6 

240.0 

1543.9      i 

6x  4x  K 

16  xj^ 

190.4 

95.2 

162.0 

1545.6 

6x  6x  ?^ 

16x  Ji 

196.4 

95.2 

240  0 

1647.1 

6x6x  J^ 

16  x% 

214.0 

95.2 

240.0 
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RIVETED  PLATE  GIRDERS— Concluded 

Section 
Modulus, 

Size  in  Inches 

Weight  per  Foot, 
Pounds 

Maximum 

End 
Eeaction 

Axial-l, 
Inches^ 

Web 
Plates 

Flange 
Angles 

Flange 
Plates 

Web  Plate 

and 

Flange 

Angles 

Flange 
Plates 

Thousands 

of 

Pounds 

194.7 
245.7 
294.2 
340.7 

24  X  B/ia 

6x  6x  ^ 
6x  6x  H 
6x  6x  ^ 
6  X  6  x  54 

85.1 
103.9 
122.3 
140.3 

67.5 
67.5 
67.5 
67.5 

200.6 
251.5 
300.1 
346.6 

24  x^ 

6x  6x  ^ 
6x6x  H 
6x6x5^ 
6x  6x  M 

90.2 
109.0 

127.4 
145.4 

81.0 
81.0 
81.0 
81.0 

216.6 
272.9 
326.7 
378.2 

26  X  5^6 

6  X  6x  ^ 
6  X  6x  J^ 
6x  6x  ^ 
6x  6x  M 

87.2 
106.0 
124.4 
142.4 

78.8 
78.8 
78.8 
78.8 

223.5 
279.8 
333.6 
385.2 

26  X  ^ 

6x  6x  H 
6  X  6  X  J^ 
6x  6x  ^ 
6x6x% 

92.8 
111.6 
130.0 
148.0 

94.5 
94.5 
94.5 
94.5 

230.4 
286.7 
340.5 
392.1 

26  X  Via 

6  X  6  X  ^^ 
6  X  6  X  i/o 
6  X  6  X  ^g 
6  X  6  X  ^i 

98.3 
117.1 
135.5 
153.5 

110.3 
110.3 
110.3 
110.3 

227.8 
286.8 
343.1 
397.3 

27  X  %e 

6  X  6x  ?^ 
6  X  6x  J^ 
6x  6x  ^ 
6  X  6  X  M 

88.3 
107.1 
125.5 
143.5 

•  78.8 
78.8 
78.8 
78.8 

235.2 
294.2 
350.6 
404.7 

27  xH 

6x  6x  H 
6x  6x  H 
6x6x5^ 
6x  6x  M 

94.0 
112.8 
131.2 
149.2 

94.5 
94.5 
94.5 
94.5 

242.7 
301  7 
358.1 
412.2 

27  X  T^6 

6x  6x  ?^ 
6x6x1^ 
6x  6x  ^ 
6x  6x  M 

99.8 
118.6 
137.0 
155.0 

110.3 
110.3 
110.3 
110.3 

271.2 
338.3 
402.6 
464.4 

30  X  H 

6x  6x  H 
6  X  6  X  J^ 
6x  6x  ^ 
6x  6x  34 

97.9 
116.7 
135.1 
153.1 

108.0 
108.0 
108.0 
108.0 

280.4 
347.5 
411.8 
473.6 

30  X  %6 

6x  6x  J^ 
6  X  6  X  H 
6  x  6  x  ^ 
6  X  6x  M 

104.2 
123.0 
141.4 
159.4 

126.0 
126.0 
126.0 
126.0 

289.6 
356.7 
421.0 
482.8 

30  X  K 

6x  6x  J^ 
6x6x1^ 
6x6x5^ 
6x  6x  M 

110.6 
129.4 
147.8 
165.8 

144.0 
144.0 
144.0 
144.0 
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STRESSES  IN  COLUMNS  AND  STRUTS 

Compression  members  in  structures  are  called  posts,  struts  or 
coliunns.  No  exact  theoretical  formula  has  been  found  which  will 
give  the  strength  of  such  members  under  various  conditions  of 
loading.  The  formulas  in  current  use  are  based  on  the  assumption 
that  the  members  under  stress  may  fail  by  direct  compression,  by 
compression  and  bending  combined,  or  by  bending  alone.  The 
empirical  formulas  based  on  these  assumptions  practically  agree 
with  results  obtained  by  experiment  on  full  size  members.  These 
experiments  show  that  steel  columns  of  ordinary  sizes  and  lengths 
fail  at  nearly  a  constant  stress  which  corresponds  to  the  yield 
point  of  that  material,  and  that  the  load  which  will  cause  a  column 
to  fail  decreases  in  the  ratio  of  its  length  to  its  least  lateral 
dimension. 

Radius  of  Gyration.  As  the  strength  of  a  column  depends  on  its 
ability  to  resist  fiexiu-al  stress,  the  moment  of  inertia  of  its  cross 
section  is  an  important  factor  in  the  determination  of  its  carrying 
capacity.  For  the  purpose  of  computation,  however,  it  is  much 
more  convenient  to  use  the  radius  of  gyration  which  depends  on 
the  moment  of  inertia. 

Ratio  of  Slenderneas.  The  ratio  of  slenderness  is  the  unsupported 
length  of  a  compression  member  divided  by  its  radius  of  gyration, 
and  the  unsupported  length  of  a  column  is  determined  by  such 
points  of  support  as  will  prevent  deflection  of  the  column  in  the 
direction  which  corresponds  to  the  particular  radius  of  gyration 
under  consideration.  Columns  of  unsymmetrical  section  have 
more  than  one  radius  of  gyration.  It  is,  therefore,  necessary  to 
determine  the  ratio  of  slenderness  for  the  different  radii  of  gyration 
of  such  columns  and  to  use  the  proper  ratio  in  any  particular 
case. 

The  unit  stresses  for  different  ratios  of  slenderness  given  in  the 
construction  specifications  and  on  page  274  are  consistent  with 
present  practice  in  column  construction  and  their  use  does  not 
involve  the  refinements  of  the  more  complicated  formulas,  which 
refinements  are  often  vitiated  by  uncertainties  in  the  application 
of  loads  or  other  practical  features. 

The  construction  specifications  limit  the  maximum  ratio  of 
slenderness  to  120  for  main  members  under  steady  stresses.  For 
secondary  members  under  temporary  stress,  such  as  those  used  in 
wind  bracing,  higher  ratios  may  be  used,  but  in  no  case  should  the 
ratio  exceed  200. 
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Form  and  Size  of  Section.  Important  as  it  may  be  to  have  the  metal 
in  the  column  section  distributed  as  far  as  possible  from  the  neutral 
axis,  that  is,  with  as  large  a  radius  of  gyration  as  possible,  considera- 
tions of  ease  in  fabrication  and  simphcity  in  connections  are  of 
greater  weight.  The  economical  column  section  is  not  that  which 
affords  the  least  weight  of  metal  in  the  shaft,  but  that  which,  with 
a  reasonable  radius  of  gyration,  provides  the  least  weight  of  member, 
shaft  and  details  with  the  minimum  amount  of  riveting.  Modern 
practice,  therefore,  eliminates  earher  forms  of  construction  which 
represented  the  minimum  amount  of  metal  for  the  maximum 
radius  of  gyration,  such,  for  example,  as  the  column  composed  of 
three  I-beams  or  one  I-beam  and  two  channels  placed  either  with 
the  flanges  in  or  the  flanges  out.  The  Z-bar  column  has  also  fallen 
into  disuse,  likewise  a  number  of  patented  sections  and  other  sections 
shown  in  earher  editions  of  this  publication. 

The  most  practical  column  is  one  the  surfaces  of  which  are 
readily  accessible  for  painting  and,  therefore,  it  is  desirable  to  use 
open  angle  and  plate  columns  rather  than  closed  channel  and 
plate  columns. 

The  column  sections  should  be  of  such  size  as  to  permit  ready 
framing  of  beams  and  girders  thereto  and  so  placed  in  the  construc- 
tion as  to  permit  the  simplest  details.  Experience  indicates  that 
eight  inches  is  the  smallest  desirable  dimension  in  ordinary  building 
work.  For  struts  and  light  loads,  smaller  angle  columns  are  stiU 
in  use,  while  the  H-beams  are  excellent  for  such  purposes.  I-beams 
and  single  angles  may  be  used  wath  economy  where  the  conditions 
of  lengths  and  loading  permit. 

Explanation  of  Tables.  The  tables  which  immediately  follow  give 
the  safe  loads  in  thousands  of  pounds  on  H-beam  and  I-beam 
columns  and  on  a  selected  line  of  channel  and  angle  columns  which, 
in  the  light  of  experience,  seem  to  be  desirable  for  use  in  ordinary 
building  and  bridge  construction.  In  addition  to  the  safe  loads, 
they  give  moments  of  inertia  and  radii  of  gyration  about  both 
axes  of  symmetry,  areas  of  sections,  and  weights  in  pounds  per  foot 
without  allowance  for  rivet  heads  or  other  details. 

These  tables  have  been  computed  for  the  least  radius  of  gyration 
in  accordance  with  the  formula  given  in  the  construction  specifica- 
tions. The  values  may  be  adjusted  to  other  formulas  or  to  different 
values  of  the  ratio  of  slenderness  by  use  of  the  comparative  tables  on 
pages  274  and  275.  These  tables  are  also  suitable  for  use  in  figuring 
columns  so  braced  against  flexure,  that  their  safe  strength  may  be 
computed  for  the  greater  radius  of  gyration. 
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Combined  Bending  and  Compression  Stresses.      It      is      assumed      in      the 

tables  that  the  loads  are  direct  and  equally  distributed  over  the 
cross  section  of  the  column  or  balanced  on  opposite  sides  thereof. 
In  the  case  of  beams  canned  on  brackets  or  other  forms  of  eccentric 
loading,  bending  stresses  are  produced  which  should  be  taken  into 
consideration  and  the  column  sections  so  proportioned  that  the 
combined  fiber  stresses  do  not  exceed  the  allowable  axial  compres- 
sive stresses.  There  is  no  direct  simple  solution  of  this  problem; 
the  following  trial  method  is  suited  to  the  tables: — 

'^    -   ^1     Let 

W=  Direct  load,   in  pounds. 

Wi^  Eccentric  load,  in  pounds. 

M  =  Bending  moment  due  to  eccentric  load,  in  inch 

pounds  =  WjX 
I  =  Moment    of   inertia    of    column    in    direction    of 

bending. 
n  =  Extreme  fiber  distance  in  direction  of  bending. 
A  ^Area  of  column  section,  in  square  inches, 
f   =  Allowable     axial    unit    compression,    in    pounds 
per    square     inch;     then     f     should     be     ©qual     to     or     greater 
W  +  Wi  _i      Mn 
"I"      1 


than 


the   fiber   stresses    due    to   compression  and 


bending  respectively. 

Rule: — Assume  a  section  in  excess  of  that  required  for  the 
direct  compression  W  +  Wi  and  compute  the  combined  fiber  stress. 
If  it  works  out  too  large  or  too  small,  try  again. 

Example: — Required  to  select  a  plate  and  angle  column  20  feet  long  to 
sustain  a  balanced  load  of  210,000  pounds  «nd  an  eccentric  load  of  40,000 
pounds  applied  15  inches  from  the  column  center  on  axis  1-1. 

Assume  a  section  made  up  of  14"x%"  web  plate,  four  angles  6"x4"x'^A6"  and 
two  flange  plates  14"x%",  page  293. 

A  =  32.47,  Ii-i  =  1351,  r2-2  =  3.09,  ratio  of  slenderness  =  20x12 -=-3.09  =  77. 

Allowable  fiber  stress,  19,000—100  1/r  =11.300  pounds  per  square  inch, 
page  274. 

Actual  fiber  st^ess=210^000  +  40^000-^  ^COOOx  15x7.G2.5^.^^00^3  30^ 
AZAt  iool 

11,090  pounds  per  square  inch. 
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COMPARISON  OF  COMPRESSION  FORMULAS 
Allowable  Unit  Stresses  in  Pounds  per  Square  Inch 


Ratio 

American 

A.  R.  E. 

New  York, 

Chicago, 

Philadelphia, 

St.  Louis 

Bridge  Co. 

Association 

1917 

1919 

1919 

1917 

1 

Construction 
Specification, 

16000-70-^ 

16000-7OY 

16000-70- j- 

16250 

1 

,  ,      12 

16000-70^ 

r 

Page  137 

^+11000r2 

r 

0 

13000 

14000 

16000 

14000 

16250 

14000 

5 

13000 

14000 

15650 

14000 

16213 

14000 

10 

13000 

14000 

15300 

14000 

16104 

14000 

15 

13000 

14000 

14950 

14000 

15924 

14000 

20 

13000 

14000 

14600 

14000 

15680 

14000 

25 

13000 

14000 

14250 

14000 

15376 

14000 

30 

13000 

13900 

13900 

13900 

15020 

13900 

35 

13000 

13550 

13550 

13550 

14622 

13550 

40 

13000 

13200 

13200 

13200 

14186 

13200 

45 

13000 

12850 

12850 

12850 

13724 

12850 

50 

13000 

12500 

12500 

12500 

13241 

12500 

55 

13000 

12150 

12150 

12150 

12745 

12150 

60 

13000 

11800 

11800 

11800 

12243 

11800 

65 

12500 

11450 

11450 

11450 

11741 

11450 

70 

12000 

11100 

11100 

11100 

11242 

11100 

75 

11500 

10750 

10750 

10750 

10752 

10750 

80 

11000 

10400 

10400 

10400 

10272 

10400 

85 

10500 

10030 

10050 

10050 

9808 

10050 

90 

10000 

9700 

9700 

9700 

9359 

9700 

95 

9500 

9350 

9350 

9350 

8926 

9350 

100 

9000 

9000 

9000 

9000 

8512 

9000 

105 

8500 

8650 

8650 

8650 

8116 

8650 

110 

8000 

8300 

8300 

8300 

7738 

8300 

115 

7500 

7950 

7950 

7950 

7378 

7950 

120 

7000 

7600 

7600 

7600 

7037 

7600 

125 

6750 

7250 

6714 

7250    - 

130 

6500 

6900 

6407 

6900 

135 

6250 

6550 

6116 

6550 

140 

6000 

6200 

5842 

6200 

145 

5750 

5850 

5850 

150 

5500 

5500 

5500 

155 

5250 

5150 

160 

5000 

4800 

165 

4750 

4450 

170 

4500 

4100 

175 

4250 

3750 

180 

4000 

3400 

185 

3750 

3050 

190 

3500 

2700 

195 

3250 

2350 

200 

3000 

2000 

Maximum  Ratio  of 


Compression  Formula 

Main     Secondary 
Members  1  Members 

Compression  Formula       ^^^.^rs 

Secondary 
Members 

American  Bridge  Company . 
American  R'y  Engrg.  Ass'n . 
New  York  Bldg.  Law,  1917. 

120 
100 
120 

200 
120 
120 

Chicago  Bldg.  Law,  1919.. 
Phila.  Bldg.  Law,  1919.... 
St.  Louis  Bldg.  Law,  1917. 

120 
140 
120 

150 
140 
200 
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COMPARISON  OF  COMPRESSION  FORMULAS 

Allowable  Unit  Stresses  in  Pounds  per  Square  Inch 

Ratio 

Boston,      j    Qevcland, 
1919         1         1920 

Baltimore,    !    Pittsburgh. 
1908         '         1914 

Cincinnati,           ^      , 
jgjjr                Uordon 

r 

Cleveland 

15000       ,gnoo-ion-i- 

y^ann 

20000-lOoi-   ^'"•^2^' 

1+        '-' 

and 

13000-50 -L 
r 

17100-57^ 

12 

l+36000r2 

13500r2 

0 

12000             15000 

1 
15000              13000 

13000 

12500 

5 

12000              14910 

14972              13000 

13000 

12492 

10 

12000              14930 

14890              13000 

13000 

12465 

15 

12000              14870 

14754              13000 

13000 

12422 

20 

12000 

14770 

14568              13000 

13000 

12363 

25 

12000 

14630 

14336              13000 

13000 

12287 

30 

12000 

14460 

14062              13000 

13000 

12195 

35 

12000 

14250 

13752              13000 

13000 

12088 

40 

12000 

14000 

13411              13000 

13000 

11968 

45 

12000 

13700 

13043              13000 

13000 

11834 

50 

12000 

13350 

12657             13000 

13000 

11688 

55 

12000 

12950 

12254             13000 

13000 

11531 

60 

12000 

12500 

11842             13000 

13000 

11364 

65 

12000 

12030 

11425       1       12500 

13000 

11187 

70 

12000      !      11540 

11005 

12000 

13000 

11002 

75 

12000             11000 

10588 

11500 

12825 

10811 

80 

12000             10440 

10176 

11000 

12540 

10313 

85 

11500      1        9850 

9771 

10500 

12255 

10410 

90 

11000               9290 

9375 

10000 

11970 

10204 

95 

10500               8750 

8990 

9500 

11685 

9995 

100 

10000               8220 

8617 

9000 

11400 

9784 

105 

9500      1        7720 

8257 

8500 

11115 

9571 

110 

9000               7240 

7910 

8000 

10830 

9356 

115 

8500               6800 

7577 

7500 

10545 

9142 

120 

8000               6380 

7258 

7000 

10260 

8929 

125 

7500               5980 

6953 

6750 

9975 

8717 

130 

7000               5600 

6661 

6500 

9690 

8507 

135 

6500              5260 

6383 

6250 

9405 

8299 

140 

6000      !        4950 

6118 

6000 

9120 

8094 

145 

5500      1        4660 

5865 

5750 

8835 

7892 

150 

5000               4390 

5625 

5500 

8550 

7692 

155 

4500 

4140 

5396 

8265 

7495 

160 

4000 

3900 

5179 

7980 

7305 

165 

3690 

4972 

7695 

7118 

170 

3520 

4776 

7410 

6934 

175 

3340 

4589 

7125 

6754 

180 

3170 

4412 

6840 

6579 

185 

3010 

4243 

6408 

190 

2870 

4083 

6242 

195 

2740 

3930 

6080 

200 

2620 

3785 

5921          1 

Maxi 

MUM  Ratios  of  — 

Compi 

ession  Formula 

Main 
Members 

Manbere  ji      Compression  Formula 

Main 
Members 

Secondary 
Members 

Boston  B 

dg  Law,  1919.... 

160 

160 

Pittsburgh  Bldg.  Law,  1914 

120 

150 

Cleveland 

Bldg.  Law,  1920. 

120 

200 

Cincinnati  Bldg.  Law,  1917 

180 

180 

Baltimore 

Bldg.  Law,  1908. 

120 

Gordon 

200 

200 
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2 

BEAM  COLUMNS 

1  — 

\                       Safe  Load  in  Thousands  of  Pounds 

Allowable  Fiber  Stress  per  square  inch,  13,000  pounds 
for  lengths  of  60  radii  or  under,  reduced  for  lengths  over  60 
yjv radii:  see  Construction  Specifications. 

l2 

Effective 
Length 
in  Feet 

Depth  and  Weight  of  Sections 

,H  Beams 

I  Beams                                                  I 

Sin. 
34.3 

lbs. 

6  in. 
24.1 
lbs. 

5  in. 
18.9 
lbs. 

4  in. 
13.8 
lbs. 

15  in. 

42.9 
lbs. 

12  in. 
31.8 
lbs. 

10  in. 
25.4 
lbs. 

9  in. 
21.8 
lbs. 

Sin. 

18.4 
lbs. 

7  in. 
15.3 
lbs. 

6  in. 
12.5 
lbs. 

5  in. 
10 
lbs. 

4  in. 

7.7 
lbs. 

2 
3 
4 

K 

6 

7 

8 

9 

10 

11 
12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

130.0 
130.0 
130.0 
130.0 

130.0 
130.0 
130.0 
130.0 

91.0 
91.0 
91.0 
91.0 

91.0 
91.0 

71.5 
71.5 
71.5 

71.5 

71.5 

52.0 
52.0 
52.0 

162.2 
162.2 

120.4 
120.4 

95.8 
95.8 
95.8 

82.0 
82.0 
82.0 

69.3 
69.3 
69.3 

57.5 
57.5 

46.9 
46.9 

37.3 
37.3 

28.7 

28.5 
24.0 
19.5 

162.21120.4 

56.8 
50.0 

43.2 

44.5 
38.5 

32.5 

33.3 
28.0 

22.7 

50.7 

45.7 
40.6 
35.6 
30.5 

162.2 

120.4 

94.4 

85.3 
76.2 
67.1 
58.0 

77.8 

69.4 
61.0 
52.6 
44.2 

63.2 

55.6 
48.0 
40.4 

153.9 
140.1 
126.2 
112.3 

98.5 

109.9 
98.9 
87.9 
76.9 
65.9 

15.2 

13.0 

10.8 

8.5 

66.0 
60.5 
55.0 
49.5 

44.0 
38.5 

36.4   26.5 

18.8 
16.1 
13.5 
10.8 

86.  V 
80.9 
75.1 

69.3 
63.5 

57.7 
51.9 

S0.3  122.9 

35.0 
31.2 

27.4 
23.6 
19.8 
16.0 

26.9 
23.5 

20.1 
16.7 
13.3 

19.9 
16.8 

13.8 
10.8 

125.8 

119.4 
113.0 
106.6 
100.2 
93.8 

87.3 
80.9 
74.5 

26.7 

24.2 
21.7 
19.2 
16.6 
14.1 

50.2 

45.7 
41.1 
36.5 
32.0 
27.4 

22.9 

40.0 

35.8 
31.5 
27.3 
23.1 
18.9 

86.0 
79.0 
72.1 
65.2 
58.2 

51.3 
44.4 
37.4 

59.9 
54.4 
48.9 
43.4 
37.9 

32.4 
26.9 

35;8 

33.0 
30.3 

27.5 
24.8 
22.0 
19.3 
16.6 

47.6 

44.7 
41.8 
38.9 
36.0 
33.1 

30.2 
27.3 
24.4 
21.5 

69.0 
65.8 

62.6 
59.4 
56.2 
53.0 
49.8 

46.6 
43.4 
40.2 
37.0 
33.7 

30.5 

Area,in.2 

10.1 

7.01 

5.47 

4.00 

12.49 

9.26 

7.38 

6.32 

5.34 

4.43 

3.61 

2.87 

2.21 

Ii-i,in.* 
ri-i,in. 
l2-2,in.* 
r2-2iin- 

115.1 
3.40 
35.1 
1.87 

45.1 
2.54 
14.7 
1.45 

23.8 
2.08 
7.9 
1.20 

10.7 
1.63 
3.6 
0.95 

441.8 
5.95 
14.6 
1.08 

215.8 
4.83 
9.5 
1.01 

122.1 

4.07 
6.9 
0.97 

84,9 
3.67 
5.2 
0.90 

56.9 
3.27 
3.8 
0.84 

36.2 
2.86 
2.7 
0.78 

21.8 
2.46 
1.9 
0.72 

12.1 
2.05 
1.2 
0.65 

6.0 
1.64 
0.77 
0.59 

Weight, 

Lbs.  per 

Foot 

34.3 

24.1 

18.9 

13.8 

42.9 

31.8 

25.4 

21.8 

18.4 

15.3 

12.5 

10 

7.7 

Safe  load  values  above  upper  zigzag  line  are  for  ratios  of  1/r  not  over  60,  those  between  the  zigzag 
lines  are  for  ratios  up  to  120  1/r  and  those  below  lower  zigzag  line  are  for  ratios  not  over  200  l/r. 
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I* 

g„                             10  INCH  CHANNEL  COLUMNS 

r^ 

^-^ 

Safe  Loads  in  Thousands  of  Pounds 

f^ 

^^ 

i  •- 

■  evif- --J 

-                       Allowable  Fiber  Stress  per  square  incli,   13,000 

--             pounds  for  lengtlis  of  60  radii  or  under,  reduced  for 

lengths  over  00  radii;  see  Construction  Specifications. 

i  ^ 

^ 

Weights   do   not  include   rivet   heads   or  other 

,2        V  : 

^ 

-12-- 

1 
a 

1 

2-10  in.  Caian. 
Latticed 

2-10  in.  Channels,      2-12  in.  Plates 

—  _g  £  g  _  S    ~  = 
"■ia  o^  uicZ  :;".>"" 

lO          «          N          1  lO 

aS   a-S    a.s    a -^    aS   g  ■§ '  a  Si    qS 
a^   a^   a^    cjS    a^   BiS.al?    djs 

^  c  ^.2  '"'.  a  '"'.aP'aP.a'P'd  ^.3 
2^  -^s;  ".^  05;  5^52^  S^'oi" 

0         2         .0         «         CM         (M          cq        ICM 

fill 

O  S"   O  "='^ 
CO         1  CO 

'ills 

CO            CO 

11 
12 
13 
14 
15 

116153  1911  213 
116153  191  213 
116  153  191  213 
116  1.53  191   213 
116  153  191   213 

233  252  272  289  309  328  348  367 
233  252  272!  289  309  3281  348  367 
233  252  272  289  309  328'  348  367 
233  2.52  272  289  309  328  348  367 
233  252  272  289  309  328  348  367 

386 
386 

386 
386 
386 

405 
405 

405 
405 
405 

424 
424 

424 
424 
424 

443 
443 

443 
443 
443 

463 
463 
463 
463 
463 

16 

116  153  191  213 

233  252  272  2891309  328  348  367 

386 

405 

424 

443 

463 

17 
18 

116  153  191 1 213 
llfi|l52  186|213 

2.33  252  272  289  309  328  348  367 

386 

403 
392 

423 
411 

437 
424 

457 
444 

233  252  271  286  305  324  343  359 

378 

19 
20 

115  148  181   208 
112  144  176;  203 

227  245  264  278 
221  239  257  271 

297  315 
289  307 

334  349 
325  339 

367 
357 

.381 
370 

399 

388 

412 
400 

431 
418 

21 
22 
23 
24 
25 

109  140  171    197 
106  136  165   192 
103  132  160   186 
100  128  155   181 
98  124  150   175 

215  232  250  263 
209  226  243  2.56 
203  219  236  248 
197  213  229  240 
191^206  222  233 

280  298 
272  289 
264  281 
256  272 
248  263 

316  329 
307  319 
297  310 
288  300 
279  290 

347 
336 
320 
316 
305 

359 
348 
337 
326 
314 

376 
364 
353 
341 
330 

387 
375 
362 
350 
338 

405 
392 
379 
366 
354 

26 
27 
28 
29 
30 

95  120  145   170 
92  116  140   164 
89  112  134   159 
86  108  129   153 
83  104  124   148 

185  200  215  225 
179  193  208  217 
173  187  201  210 
167  180  194  202 
1611174  187  195 

240  255  270  280 
231  246  261  270 
223  237  252  200 
215  229  242  251 
207  220  233  241 
1 

295 

285 
274 
264 
253 

303 
292 

281 
270 
259 

318 
306 
295 
283 
271 

325 
313 
.301 

288 
276 

.341 
328 
315 
302 
289 

31 
32 
33 

80  100  119   142 

77,    96  114   137 
75    92  109   131 

155  167  180  187  199  211  224  231 
149  161  173  179  191  203  215  221 
143  1.54  166  172,183  194  206  211 

243 
233 

222 

248 
237 
226 

260 

248 
237 

263 
251 
239 

276 
263 
250 

34 

72    88  103   126 

137  148  1.59  164 

174  185 

196  201  212 

216  227 

232  243 1 

35 

69j    84  101    120 

131  141  152  157 

166  177 

1871  194  205 

211  221 

226 

237 

irea,in.2 

8.92' 11.76' 14.70  16.42 

17.92'  19.42  20.92 

22.26  23.76  25.26 

26.76  28.20  29.70 

31.14  32.64!  34.08 

35  58 

1 1-1,  in* 
r 1.1, in. 
1 2-2.  in' 
r 2-2, in. 

134|    158!    182]    333 
3.87|  3.66!  3.52 1   4.50 

123     148     171      2!3 
3.72   3.55i  3.41    3.60 

376'    420     465 

4.58  4.65   4.71 
231    249     267 

3.59  3.58   3.58 

444|    489    534 
4.46  4.531  4.60 
274    292     310 
3.51   3.50,  3.50 

581    559:    606 
4.66   4.45    4.52 

328    333     351 
3.50   3.44,  3.44 

5831    630l    608 
4.33    4.39    4  22 

354     372    372 
3.37,  3.37    3.30 

655 
4.29 
390 

3.21 

Weight, 

Lbs.  per 

Foot 

38.4  47.a  57.8 

56.1 

61.2 

66.3 

71.4 

75.7 

80.8 

85.9 

91.0;  95.9 

101.0 

105.9 

111.0  115.9 

121.0 

Safe 
\inea  are 

load  values  above  upper  zigzag  line  are  for  ratios  of  I/r  not  over  60,  tliose  between  the  zigzag 
for  ratios  up  to  120 1/r,  and  those  below  lower  zigzag  line  are  for  ratios  not  over  200 1/r. 
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^_-.ii--.-.        10  INCH  CHANNEL  COLUMNS— Continued 

r^ 1^ ^ 

1 

.-8V21'— 

W                      SAFE  L/OADS  IN   iHOUSANDS  OF  Ir'OUNDS 

1 

1                     Allowable  Fiber  Stress  per  square  inch,   13,000 

1 

pounds  for  lengths  of  60  radii  or  under,  reduced  for 
lengths  over  60  radii;  see  Construction  Specifications. 

J    ^ 

J     1 

U 

Weights   do  not   include  rivet   heads   or   other 

Ks i eH 

1  T         ,;2         •    ! 

details. 

U ^i4±'l »1 

1 

a 

2-10  in.  Channels 
Latticed 

2-10  in.  Channels,    2-14  in.  Plates 

JS    <B 

^J^. 

^  a 

■S^ 

-2\ 

oT 

■^  tz, 

.s-     U-_ 

— ".r, 

00" 

.3 

"-«,!■=' 

H 

ii 

^'^ 

§1 

u 

ll 

0  a 

U 

sl 

a  •*  1  art 

ja  J 

j=^ 

■a^A 

jaOi 

^fl< 

^cu 

aaPH 

jaPn 

J3  0h 

jqPU 

43^  |J3  0< 

> 

0    0) 

0  cu 

0  <u 

0  a 

^d 

^fl 

q  g- 

^d 

^d 

^d 

^d 

^d 

^d 

".S    "d 

S 

J3    M 

—  g 

£.9 

~  a 

oco 

^;i^ 

'^;S 

«:?; 

^^ 

^^ 

~i 

m 

«"" 

>o 

275 

312 

380 

419 

441 

464 

11 

116 

153 

191 

229 

252 

298 

335 

358 

396 

12 

116 

153 

191 

229 

252 

275 

298 

312 

335 

358 

380 

396 

419 

441 

464 

13 

116 

153 

191 

229 

252 

275 

298 

312 

335 

3.58 

380 

396 

419 

441 

464 

14 

116 

153 

191 

229 

252 

275 

298 

312 

335 

3,58 

380 

396 

419 

441 

464 

15 

116 

153 

191 

229 

252 

275 

298 

312 

335 

358 

380 

396 

419 

4411464     1 

16 

116 

153 

191 

229 

252 

275 

298 

312 

335 

358 

380 

396 

419 

441 

464 

-  17 
18 
19 
20 

116 
116 
116 

153 

191 

229 

252 
252 
252 
252 

275 
275 
275 
275 

298 
298 
298 
298 

312 
312 
312 
312 

335 
335 
335 
335 

358 
358 
358 
358 

380 
380 
380 
380 

396 
396 
396 
396 

419 
419 
419 
419 

441 
441 
441 
441 

464 
464 
464 
464 

153 

189,224 

150 
146 

184   218 

114 

179 

211 

21 
22 

111 

109 

142 
139 

174 
169 

205 
199 

252 

275 

298 

312 

335 

358 

380 1 396 

419 

441 

464 

251 i  273 1 295 

308 

330 

352 

374:388 

410   432 

453 

23 

106 

135 

164 

193 

246 

267  I  289 

302 

323 

344 

365   379 

401 

422 , 443 

24 

103 

131 

159 

187 

241 

261    282 

295 

316 

337 

357 1 371 

392 

412   433 

25 

100 

127 

154 

180 

235 

256 

276 

288 

308 

329 

349 : 362 

382 

403   423 

26 

•98 

123 

149 

174 

230 

2.'i0 

270 

282 

.301 

321 

341   353 

373 

393   412 

27 

95 

119 

144 

168 

225 

244 

263 

275 

294 

313 

332   345 

364 

383  i  402 

28 

9^ 

115 

139 

162 

219 

238 

257 

268 

287 

306 

3241336 

3.55 

373 1 392 

29 

89 

112 

134 

156 

214 

232 

2.50 

261 

279 

298 

316  327 

346 

364 1 382 

30 

87 

108 

129 

149 

209 

226 

244 

255 

272 

290 

308  319 

336 

354   372 

31 

84 

104 

124 

143 

203 

220 

238 

248 

265 

282 

299 1 310 

327 

344   361 

32 

81 

100 

119 

137 

198 

214 

231 

241 

2.58 

275 

291   301 

318 

335   351 

33 

78 

96 

114 

131 

193 

209 

225 

235 

251 

267 

283! 293 

309 

325  i  341 

34 
35 

75 
73 

92 
88 

109 
104 

125 

187 
182 

203 
197 

219 
212 

228 
221 

243 
236 

259 
251 

274  284 
266  275 

300 
291 

315   331 
306   320 

121 

Area,m.2 

8.92  1 11.76  14.70  17.64!!  19.42 

21.17 

22.92  24.01 

25.76:27.51  29.26  30.45 

32.20 

33.95  35.70 

1 1-1,  in* 

134     158 

182     207     416 

468 

520 

491 

544 

597 

652 

622 

676 

732 

790     1 

ri.i,m 

3.87    3.66 

3.52  1  3.42  1  4.63 

4.70 

4.76 

4.52 

4.59 

4.66 

4.72 

4..52 

4.58 

4.64    4.70 

1 2-2,  in* 

197     241 

284  1  323  ii  369 

398 

426 

442 

470 

499 

527 

.541 

570 

598,   627 

r2-2,ifl- 

4.70    4.53    4.39  i  4.28  !'  4.36 

4.33 

4.31 

4.29 

4.27 

4.26 

4.24 

4.22 

4.21 

4.20    4.19 

Weight, 

1 

Lbs.  per 
Foot 

40.0    49.4    59.4    69.4 

66.3 

72.3 

78.2 

81.7 

87.6 

93.6 

99.5 

103.6 

109.5  115.5  121.4 

1          1 

Safe  load  values  above  upper  zigzag  line  are  for  ratios  oil  It  not  over  60,  those  between  the  zigzag 

lines  are  for  ratios  up  to  120 1  r,  and  those  below  lower  zigzag  line  are  for  ratios  not  over  200  l/r. 
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VCH  CHANNEL  COLUMNS- 

-Continued 

I    V 

1 

5AFE  Loads  in  Thousands  of  Pounds           | 

] 

•  sv^'-— 

r 

'i   1_ 

_1 

Allowable  Fiber  Stress 
pounds  for  lengtlus  of  00  rad 
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11 

480 

502 

525 

548 

571 

593 

609 

632 

654 

677      700      723 

12 

480 

502 

525 

548 

571 

593 

609 

632 

654 

677      700 

723 

13 

480 

502 

525 

548 

571 

593 

609 

632 

654 

677      700 

723 

14 

480  1  502 

525 

548 

571 

593 

609 

632 

654 

677      700 

723 

15 

480      502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

16 

480      502 

525 

548 

571 

593 

609 

632 

654 

677 

700  1  723      1 

17 

480 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

18 

480 

502 

525 

548 

571 

593 

609      632 

654 

677 

700 

723 

19 

480 

502 

525 

548 

571 

593 

609      632 

654 

677 

700 

723 

20 
21 

480 

502 

525 

548 

571      593 

609  I  632 

654 

677 

*700  '   723      1 

477 

500 

522 

544 

567 

589 

602 

624 

647 

669  j   691 

714 

22 

467 

488 

510 

532 

554 

575 

588 

610 

632 

654      675 

697 

23 

456 

477 

499 

520 

541 

562 

575 

596 

617 

639      660 

681 

24 

446 

466 

487 

508 

529 

549 

561 

582 

603 

624  ;  644 

665 

25 

435 

455 

475 

495 

516 

536 

547 

568 

588 

608 

628 

648 

26 

424 

444 

464 

483 

503 

522 

533 

553 

573 

593 

612 

632 

27     1 

414 

432 

452 

471 

490 

509 

520 

539 

559 

578 

596 

616 

28 

403 

421   1  440 

459 

478 

496 

506 

525 

544 

563 

581      599      1 

29 

392 

410  1  429 

446 

465 

483 

492 

511 

529 

547      565  !   583      1 

30 

382 

399 

417 

434 

452 

469 

479 

496 

514 

532 

549      567 

31 

371 

388 

405 

422 

440 

456 

465 

482 

500 

517 

533      550 

32 

360 

377 

394 

410 

427 

443 

451 

468 

485 

502      517      .534 

33 

350 

365 

382 

398 

414 

430 

437 

454 

470 

487      502   1   518 

34 

339 

3.54 

370 

385 

401 

416 

424 

440 

455 

471      486  1   502 

35 

328 

343 

359 

373 

389 

403 

410 

425 

441 

456      470  !  485 

lre&,itt.2 

36.89  1  38.64  I  40.39 

42.14 

43.89 

45.64 

46.83 

48.58 

50.33 

52.08 

53.83 

55.58 
1343 

1 1-1,  in.* 

757 

814       873 

932 

994 

1056 

1018 

1080 

1144 

1209 

1275 

r 1-1,  in. 

4.53 

4.59      4.65 

4.70 

4.76 

4.81 

4.66 

4.72 

4.77 

4.82 

4.87 

4.92 

1 2-2, in.* 

637 

666       695 

723 

752 

780 

788 

816 

845 

874 

902 

931 

r2-2.in. 

4.16  '    4.15  1    4.15 

4.14 

4.14 

4.13 

4.10 

4.10 

4.10 

4.10 

4.09 

4.09 

Weight, 
lbs.  per 

125.5    131.4 

137.4 

143.3 

149.3 

155.2 

159.3 

165.2 

171.2 

177.1 

183.1 

189.0 

Foot 

Safe 

load  values  above  hea 

iry  line< 

ire  for  ratios  oi 

]/r  not  over  60 

,  thoee  below  heavy  line  are 

for  ratio* 

)  not  over  120  1/r. 
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12  INCH  CHANNEL  COLUMNS— Continued 
Safe  Loads  in  Thousands  of  Pounds 

Allowable  Fiber  Stress  per  square  inch,  13,000 
pounds  for  lengths  of  60  radii  or  under,  reduced  for 
lengths  over  60  radii;  see  Construction  Specifications. 

Weights  do  not  include  rivet  heads  or  other 
details. 
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1 

2-12  in.  Channels 
Latticed 

2-12  in.  Channels,   2-14  in.  Plates 
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il 
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a  "^ 
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II 

a  c3 
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^fl 

O  a 

^ri 

O  a 

so 

—  a 

^  1 
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^:^ 

£  == 

i^S 
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W 

o 

y 

^ 

y 
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11 

157 

191 

229 

268 

293 

316 

339 

362 

384 

396 

419 

441 

464 

487 

12 

157 

191 

229 

268 

293 

316 

339 

362 

384 

396 

419 

441 

464 

487 

13 

157 

191 

229 

268 

293 

316 

339 

362 

384 

396 

419 

441 

464 

487 

14 

157 

191 

229 

268 

293 

316 

339 

362 

384 

396 

419 

441 

464 

487 

15 

157 

191 

229 

268 

293 

316 

339 

362 

384 

396 

419 

441 

464 

487 

16 

157 

191 

229 

268 

293 

316 

339 

362 

384 

396 

419 

441 

464 

487 

17 

1.57 

191 

229 

268 

293 

316 

339 

362 

384 

396 

419 

441 

464 

487 

18 

1.57 

191 

229 

268 

293 

316 

339 

362 

384 

396 

419 

441 

464 

487 

19 

1.57 

191 

229 

268 

293 

316 

339 

362 

384 

396 

419 

441 

464 

487 

20 

157 

157 
157 

191 
191 

229 
229 

268 

293 
293 

316 
316 

339 
339 

362 
362 

384 
384 

396 
396 

419 

441 

464 

487 

21 

265 
259 
2.53 

418 
409 
400 

440 
431 

421 

463 
453 
443 

485 

22 

190 

186 

225 
220 

290 
283 

312 
305 

334 
326 

355 
347 

377 
369 

387 

378 

474 

23 

155 

464 

24 

152 

182 

215 

248 

277 

298 

319 

339 

360 

370 

390 

411 

432 

453 

25 

149 

178 

210 

242 

271 

291 

312 

332 

352 

361 

381 

401 

422 

442 

26 

146 

174 

205 

236 

265 

284 

304 

324 

344 

352 

372 

392 

412 

431 

27 

142 

170 

200 

230 

2.58 

277 

297 

316 

335 

344 

363 

382 

402 

421 

28 

139 

166 

195 

224 

2.52 

271 

290 

308 

327 

335 

354 

372 

391 

410 

29 

136 

162 

190 

218 

246 

264 

282 

300 

318 

326 

344 

362 

381 

399 

30 

133 

158 

185 

212 

239 

257 

275 

292 

310 

318 

335 

353 

371 

388 

31 

129 

1.54 

180 

206 

233 

2.50 

268 

284 

302 

309 

326 

343 

361 

377 

32 

126 

150 

175 

200 

227 

243 

260 

277 

293 

300 

317 

333 

350 

367 

33 

123 

146 

170 

194 

220 

236 

253 

269 

285 

291 

307 

323 

340 

356 

34 

120 

142 

165 

188 

214 

230 

246 

261 

277 

283 

298 

314 

330 

345 

35 

117 

138 

160 

182 

208 

223 

238 

253 

268 

274 

289 

304 

320 

334 

Area,  in.a 

12.06 

14.70 

17.64 

20.58 

22.56 

24.31 

26.06 

27.81 

29.56 

30.45 

32.20 

33.95 

35.70 

37.45 

1 1-1,  in.* 

25fi 

288 

323 

359 

658 

730 

803 

878 

954 

910 

986 

1063 

1142 

1223 

ri-i,in. 

4.61 

4.4,S 

4.28 

4.17 

5.40 

5.48 

5.55 

5.62 

5.68 

5.47 

5.53 

S.60 

5.66 

5.71 

1 2-2, in.* 

244 

279 

316 

351 

415 

444 

473 

501 

530 

537 

565 

594 

622 

651 

r2-2.  m. 

4.50 

4.36 

4.23 

4.13 

4.29 

4.27 

4.26 

4.24 

4.23 

4.20 

4.19 

4.18 

4.18 

4.17 

Weight, 

Lbs.  per 
Foot 

60.8;  59.4 

69.4 

79.4 

77.1 

83.1 

89.0 

95.U 

100.9 

1U3.6 

109.5 

115.5 

121.4 

127.4 

Safe  load  values  above  zigzag  line  are  for  ratioa  of  l/r  not  over  60,  those  below  zigzag  line  are  for 
ratios  not  over  120  l/r. 
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lengths  over  60  radii;  see  Construction  Specifications. 
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11 

502 

525 

.548 

571 

593 

609 

632 

6.54 

677 

700 

723 

745 

768 

791 

814 

12 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

745 

768 

791 

814 

13 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

745 

768 

791 

814 

14 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

745 

768 

791 

814 

15 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

745 

768 

791 

814  . 

16 

502 

525 

548 

.571 

593 

609 

632 

654 

677 

700 

723 

745 

768 

791 

814 

17 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

745 

768 

791 

814 

18 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

745 

768 

791 

814 

19 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

745 

768 

791 

814 

20 
21 

502 

525 

548 

571 

593 

609 

632 

654 

677 

700 

723 

745 

768 

791 

814 

498 

521 

543 

565 

588 

601 

623 

645 

668 

689 

712 

734 

757 

779 

802 

22 

487 

509 

531 

553 

575 

587  609 

631 

653 

674 

695 

717 

739 

761 

783 

23 

476 

497 

518 

.540 

561 

573 

594 

616 

637 

658 

679 

700 

722 

743 

765 

24 

465 

486 

506   527 

.548 

559 

580 

601 

622 

642 

663 

684 

704 

725 

746 

25 

453   474 

494  514 

535 

545 

566 

586 

607 

626 

646 

667 

687 

vov 

728 

26 

442  462 

482   502 

.522 

.532 

.552 

.571 

,591 

610 

630 

6.50 

670 

689 

709 

27 

431    451 

469   489 

508 

518 

.537 

557 

576 

594 

614 

633 

652 

672 

691 

28        420   439 

457 ! 476 

495 

504 

523 

542 

.561 

578 

597 

616 

635 

654 

672 

29        409   427 

445   463 

482 

490 

509 

527 

545 

563 

.581 

599 

617 

636 

654 

30        397   415   432 , 450 

1          1 

468 

477 

494 

512 

530 

547 

564 

582 

600 

618 

635 

31        386 

404   420  438 

455 

463 

480 

497 

515 

.531 

548 

.565 

583 

600 

617 

32        375 

392   408   425 

442 

449 

466 

483 

499 

515 ! 532 

.548 

565 

582 

599 

33 

364 

380   396,412 

428 

435 

452 

468 

484 

4991515 

531 

.548 

564 

580 

34 

352 

368   383   399 

415 

421 

437  1  453 

469 

483 ! 499 

515 

530 

.546 

562 

35 

341 

357   371   386 

402 

408 

423 1 438 

453 

467  j  482 

498 

513 

528 

543 

irea, ia.2 

38.64 

40.39  42.14  43.89  45.64 

46.83 

48.58 

50.33 

52.08 

53.83 

.55.58 

57.33 

59.08 

60.83 

62.58 

Ii-i,in.* 

1174 

1258 

1340 

1424 

1.509 

14,59 

1544 

1630 

1719 

1808 

1899 

1992 

2087 

2183 

2280 

ri-i,in. 

5.52 

5.58 

6.64 

5.70 

5.75 

5..58 

5.64 

5.69 

5.74 

5.80 

5.85 

5.89 

5.94 

5.99 

6.04 

1 2-2,  in.* 

659 

688 

717 

745 

774 

779 

808 

837 

805 

894 

922 

951 

980 

1008 

1037 

r2-2.in. 

4.13 

4.13 

4.12 

4.12 

4.12 

4.08 

4.08 

4.08 

4.08 

4.07 

4.07 

4K)7 

4.07 

4.07 

4.07 

Weight, 

lbs.  per 

Foot 

131.4 

137.4 

143.3 

149.3  155.2 

1 

159.3 

165.2 

171.2 

177.1 

183.1 

189.0 

195.0 

200.9 

206.9 

212.8 

Safe  load  values  above  heavy  line  are  for  ratios  of  1/r  not  over  60,  those  below  heavy  line  are 

for  ratios  not  over  120  1/r. 
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Allowable  Fiber  Stress  per  square  inch,   13,000 
pounds  for  lengths  of  60  radii  or  luider,  reduced  for 
lengths  over  60  radii;  see  Construction  Specifications. 

1  A^ 
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Weights  do  not  include  rivet  heads  or 
details. 
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".g 

1 

CO" 
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CO 

£.2 

u 

m^ 

p 

11 

12 

.13 

14 

,       15 

619 
619 
619 
619 
619 

645 
645 
645 
645 
645 

671 
671 
671 
671 
671 

697 
697 
697 
697 
697 

723 
723 
723 
723 
723 

749 
749 
749 
749 
749 

762 
762 
762 
762 
762 

788 
788 
788 
788 
788 

814 
814 
814 
814 
814 

840 
840 
840 
840 
840 

16 
17 
18 
19 
20 

619 
619 
619 
619 
619 

645 
645 
645 
645 
645 

671 
671 
671 
671 
671 

697 
697 
697 
697 
697 

723 
723 
723 
723 
723 

749 
749 
749 
749 
749 

762 
762 
762 
762 
762 

788 
788 
788 
788 
788 

814 
814 
814 
814 
814 

840 
840 
840 
840 
840 

21 
22 
23 
24 
25 

619 
619 
619 
619 

645 

645 
645 
645 

671 
671 
671 
671 

697 
697 
697 
697 

723 
723 
723 
723 

749 

749 
749 
749 

762 
762 

762 
762 

788 
788 
788 

814 
814 
814 

840 
840 

840 

787 
772 

813 
797 

838 
822 

610 

635 

660 

686 

711 

736 

747 

26 
27 
28 
29 
30 

599 

687 
575 
563 
552 

623 
611 
599 
586 
574 

648 
635 
622 
609 
596 

673 
659 
646 
633 
619 

697 
683 
669 
655 
642 

721 
707 
693 
678 
664 

732 
718 
703 
688 
674 

756 
741 
726 
711 
696 

781 
766 
750 
734 
719 

805 
789 
773 

757 
741 

31 
32 
33 
34 
35 

540 

528 
516 
504 
493 

562 
549 
537 
525 
512 

583 
571 
558 
545 
532 

606 
593 
579 
566 
553 

628 
614 
600 
586 
572 

649 
635 
621 
606 
592 

659 
644 
630 
615 
600 

681 
665 
650 
635 
620 

703 

687 
672 
656 
640 

724 
708 
692 
676 
660 

Area,  in.s 

47.64 

49.64 

51.64 

53.64       55.64 

57.64 

58.58 

60.58 

62.58 

64.58 

Ii-i.  in.* 
n-i,  in. 

l2-2-ill* 

r2-2,  in- 

1581 
5.76 
1121 

4.85 

1678 
5.81 
1164 

•4.84 

1777 
5.87 
1206 
4.83 

1878 
5.92 
1249 
4.83 

1980 
5.97 
1292 

4.82 

2084 
6.01 
1334 
4.81 

2015 
5.87 
1349 
4.80 

2119 
5.91 
1392 
4.79 

2225 
5.96 
1434 
4.79 

2333 
6.01 
1477 
4.78 

Weight, 

Lbs.  per 

Foot 

162.0 

168.8 

175.6 

182.4 

189.2 

196.0 

199.2 

206.0 

212.8 

219.6 

Safe 
ratios  not 

oad  values  above 
over  120  l/r. 

zigzag  lin 

e  are  for  ratios  of  l/r  not  o-v 

er  60,  th 

ose  below 

zigzag  li 

ne  are  for 
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12 INCH  CHANNEL  COLUMNS— Continued 
Safe  Loads  in  Thousands  of  Pounds 
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Allowable  Fiber  Stress  per  square  inch,  13,000 
sounds  for  lengths  of  60  radii  or  under,  reduced  for 
engths  over  60  radii ;  see  Construction  Specifications. 


Weights   do   not   include  rivet   heads   or   other 
details. 
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1017 

1042 

1068 

1093 

25 

847 

872 

897 

922 

947 

972 

997 

1022 

1047 

1072 

26 

830 

854 

879 

903 

928 

953 

977 

1002 

1027 

1050 

27 

814 

837 

862 
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909 

934 

957 

981 

1006 

1029 

28 

797 

820 

844 

867 

891 

914 

937 

961 

985 

1007 

29 

780 

803 

826 

848 

872 

895 

917 

941 

964 

986 

30 

764 

785 

808 

830 

853 

876 

897 

920 

943 

965 

31 

747 

768 

791 

812 

834 

857 

878 

900 

922 

943 

32 

730 

751 

773 

794 

815 

837 

858 

880 

901 

922 

33 

713 

734 

755 

775 

797 

818 

838 

859 

881 

900 

34 

697 

716 

737 

7.57 

778 

799 

818 

839 

860 

879 

35 

680 

699 

720 

739 

759 

779 

798 

819 

839 

858 

irea,in.2 

66.58 

68.58 

70.58 

72.58 

74.58 

76.58 

78.58 

80.58 

82.58 

84.58 

1 1-1,  in* 

2443 

2555 

2668 

2783 

2901 

3020 

3141 

3264 

3389 

3516 

n-i.in. 

6.06 

6.10 

6.15 

6.19 

6.24 

6.28 

6.32 

6.36 

6.41 

6.45 

I-.-2,  in.* 

1520 

1562 

1605 

1648 

1690 

1733 

1776 

1818 

1861 

1904 

T2-2,  ID- 

4.78 

4.77 

4.77 

4.76 

4.76 

4.76 

4.75 

4.75 

4.76 

4.74 

Weight, 
Lbs.  p«r 

226.4 

233.2 

240.0 

246.8 

253.6 

260.4 

267.2 

274.0 

280.8 

287.6 

Foot 

Safe  load  values  above  heavy  line  are  for  ratios  of  1/r  not  over  60,  those  below  heavy  line  are  for 
ratios  not  over  120  1/r. 
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Safe  Loads  in  Thousands  of  Pounds 

«       -1— 

1                      Allowable  Fiber  Stress  per  square  inch,   13,000 

T* 

pounds  for  lengths  of  60  radii  or  under,  reduced  for 

; 

1 

lengths  over  60  radii;  see  Construction  Specifications. 
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Uv 

Weights   do   not   include  rivet   heads   or   other 
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632 

15 

257 

268 

306 

344 

413 

439 

465 

491 

517 

528 

554 

580 

606 
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413 

439 '  465 
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491 
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517 
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632 
629 
617 

306 

343 

527 
517 

552 
542 

578 
567 
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257 

266 

301 

336 

407 

432 

457 

482 

507 

26 

252 

261 

295 

.329 

400 

424 

448 

^73 

498 

507 

.531 

5.55 

580 

605 

27 

247 

2.56 

289 

322 

392 

415 

440 

464 

488 

497 

520 

544 

569 

592 

28 

243 

251 

284 

316 

384 

407 

431 

454 

478 

486 

510 

533 

.557 

580 

29 

288 

246 

278 

309 

376 

399 

422 

445 

468 

476 

499 

522 

545 

568 

30 

233 

241 

272 

302 

368 

390 

413 

435 

458 

466 

488 

511 

533 

556 

31 

228 

236 

266 

296 

360 

382 

404 

426 

448 

456 

478 

499 

.522 

543 

32 

224 

231 

260 

289 

352 

373 

395 

416 

438 

446 

467 

488 

510 

531 

33 

219 

226 

254  i  282 

345 

365 

38(i 

407 

428 

436 

456 

477 

498 

519 

34 

214 

221 

249  I  276 

337 

357 

377 

398 

418 

425 

446 

466 

487 

507 

35 

209 

216 

243    269 

329 

348 1 368 

388 

408 

415 

435 

454 

475 

494 

Area, in. 2 

19.80 

20.58 

23.52 

26.48 

31.80 

33.80 

35.80 

37.80 

39.80 

40.58 

42.58 

44.58 

46.58 

48.58 

Ii-i,  in.* 

625 

640 

695 

750 

1334 

1459 

1.586 

1715 

1847 

1861 

1994 

2129 

2267 

2406 

n-i,  m. 

.').62 

5.58 

5.4.3 

5..S2 

6.48 

6.57 

6.66 

6.74 

6.81 

6.77 

6.84 

6.91 

6.98 

7.04 

I2-2,  in* 

491 

504 

552 

597 

747 

789 

832 

875 

917 

930 

973 

1016 

1058 

1101 

r2-2i  Ill- 

4.98 

4.95 

4.84 

4.75 

4.85 

4.83 

4.82 

4.81 

4.80 

4.79 

4.78 

4.77 

4.77 

4.76 
165.2 

Weight, 

Lba.  per 

Foot 

82.0 

84.2 

92.1 

102.2 

108.6 

115.4 

122.2 

129.0 

135.8 

138.0 

144.8 

151.6 

158.4 

Safel 

oad  values  above  zigzag  line  are  for  ratios  of  1/r  not  over  60,  those  below  zigzag  line  are  for 

ratios  not 

over  120  1/r. 
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15  INCH  CHANNEL  COLUMNS— Continued 
Safe  Loads  in  Thousands  of  Pounds 

Allowal)lo  Fiber  Stress  per  square  inch,  13,000 
pounds  for  lengths  of  60  radii  or  under,  reduced  for 
lengths  over  GO  radii;  see  Construction  Specifications. 

Weights  do  not  include  rivet  heads  or  other 
details. 
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777 
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853 

879 
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930 
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25 
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727 

752 
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786 

811 
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861 

886 
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26 

614 

638 

663 

687 

712 

737 

746 

770 

794 
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844 

868 

893 

918 

27 

602 

625 

649 

673 

697 

721 

730 

7.54 

778 

802 

826 

850 

874 

898 

28 

589 

612 

(J36 

659 

683 

706 

715 

738 

761 

785 

808 

832 

85() 

879 

29 

.577 

599 

622 

645 

668    691 

699 

722 

745 

708 

791 

814 

837 

860 

30 

564 

586 

609 

631 

653 

676 

684 

705 

728 

751 

773 

796 

818 

841 

31 

551 

573 

595 

616 

639 

661 

668 

689 

711 

734 

756 

778 

800 

822 

32 

539 

560 

581 

602 

624 

646 

653 

673 

695 

716 

738 

760 

781 

803 

33 

526 

547 

568 

588 

609 

630 

637 

657 

678 

699 

720 

741 

763 

784 

34 

514 

534 

554 

574 

595 

615 

622 

641 

662 

682 

703 

723 

744 

764 

35 

501 

520 

541 

560 

580 

600 

606 

625 

645 

665 

685 

705 

725 

745 

Irea,  ln2 

49.52 

51.52 

53.52  55.52 

57.52 

59.52 

60.48 

62.48 

64.48 

66.48 

68.48 

70.48 

72.48 

74.48 

Ii-i.in.* 

2322 

2461 

2602    2746 

2891 

3039 

2946 

3094 

3244 

3396 

3550 

3707 

3865 

4026 

ri-i.in. 

6.85 

6.91 

6.97     7.03 

7.09 

7.15 

6.98 

7.04 

7.09 

7.15 

7.20 

7.25 

7.30 

7.35 

l2-2,in.* 

1106 

1149 

1192    1234 

1277 

1320 

1322 

1365 

1408 

1450 

1493 

1,536 

1578 

1621 

r2-2, in. 

4.73 

4.72 

4.72    4.71 

4.71 

4.71 

4.6b 

4.67 

4.67 

4.67 

4.67 

4.67 

4.67 

4.67 

Weight, 

Lbs.  per 
Foot 

168.4 

175.2 

182.0  188.8 

195.6 

202.4 

205.6 

212.4 

219.2 

226.0 

232.8 

239.6 

246.4 

253.2 

Safe  load  values  above  heavy  line  are  for  ratios  of  l/r  not  over  60,  those  beiow  heavy  line  are 
for  ratios  not  over  !20  i/r. 
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15  INCH  CHANNEL  COLUMNS— Continued 
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Safe  Loads  in  Thousands  of  Pounds 

^ 

-llf  -  . 

.,                      Allowable  Fiber  Stress  per  square  inch,   13,000 
-=^           poiinds  for  lengths  of  60  radii  or  under,  reduced  for 
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491 
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745 
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560 
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491 
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774  803 
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832 

27 

28 
29      1 

433 
433 

428 

462 
462 
456 

491 

521 

550 

560 

589 

619 

648 

677 

686 

715 

745 

774  803 

832 

491 

520 

549 
.539 

558 
549 

586 
577 

615 
605 

643 
632 

671 
660 

680 
668 

708 
696 

736 
723 

764:  793 

821 
807 

484 

512 

751 

779 

30 

421 

449 

476 

503 

530 

540 

567 

594 

621 

649 

657 

684 

711 

738 

766 

793 

31 

414 

441 

468 

494 

.521 

530 

5.57 

584 

610 

637 

645 

672 

698 

725 

752 

779 

32 

407 

438 

459 

486 

512 

,521 

547 

574 

599 

626 

634 

660 

685 

712 

738 

764 

33 

400 

426 

451 

477 

503 

512 

537 

563 

589 

615 

622 

648 

673 

698 

725 

750 

34 

393 

418 

443 

469 

494 

502 

.527 

553 

578 

603 

610 

636 

660 

686 

711 

736 

35 

386 

411 

435 

460 

485 

493 

518 

543 

567 

592 

599 

624 

648 

672 

698 

722 

Area,  in.2 

33.30 
1423 

35.55 
1564 

37.80 
1707 

40.05 
1852 

42.30 
1999 

43.08 
2014 

45.33 
2164 

47.58 
2316 

49.83 
2470 

52.08 
2627 

52.77 
2525 

55.02 
2682 

57.27 
2841 

59.52 
3002 

61.7764.02 
3166' 3332 

Ii-i,  in* 

n-i,  m 

(\.M 

6.6? 

6.72 

6.S( 

6.87 

6.84 

6.91 

6.98 

7.04 

7.10 

6.92 

6.98 

7.04 

7.10 

7.16 

7.21 

I..-..,  in* 

1069 

1130 

1190 

1251 

1312 

1332 

1393 

1453 

1514 

1575 

1589 

1649 

1710 

1771 

1832 

1892 

r2-2.  in. 

5.67 

5.64 

5.61 

5.59 

5.57 

5.56 

5.54 

5.53 

5.51 

5.50 

5.49 

5.48 

5.46 

5.45 

5.45 

5.44 

Weight, 

lbs.  per 

Foot 

1137 

121.4 

129.0 

136.7 

144.3 

146.5 

154.2 

161.8 

169.5 

177.1 

179.5 

187.1 

194.8 

202.4 

210.1 

217.7 

Safe 

load  values  above  zigzag  line  are  for  ratios  of  1/r  not  over  60,  those  below  zigzag  line  are  for 

ratios  not 

over  120  l/r. 
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15  INCH  CHANNEL  COLUMNS— Continued 
Safe  Loads  in  Thousands  of  Pounds 

Allowable  Fiber  Stress  per  square  inch,  13,000 
pounds  for  lengths  of  GO  radii  or  under,  reduced  for 
lengths  over  60  radii;  see  Construction  Specifications. 

Weights  do  not  Include  rivet  heads  or  other 
details. 


2-15  in.  Channels,    2-18  in.  Plates 


"5  J- 


11 

12 
13 
14 
15 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 

27- 

28 

29 

30 

31 
32 
33 
34 
35 


841 i 871; 900 

841  "  '  ^ " 

841 

841 

841 


871  900 
1871  900 


871 1  900 
1871  900 


841 
i841 
;841 

841 
,841 


, 871  I  900 
(871 '900 
1871,900 
1871  900 
871 i  900 


841(871 
841,871 
841 '871 
841  871 
841  871 


900 
9C0 
900 
900 
900 


841  871  900  929  958 
841  871  900  929  19.58 


929 
929 
929 
929 


95S 
958 
958 
958 


929  958 

929  I  958 


929 
929 
929 


958 
958 
958 


929  958 


929  j  958 
929 , 958 
929  958 

929 1  958 
929  I  958 


829 
814 
800 

786 
771 
757 
743 

728 


857  I  885  913  942 
843  870  897 ' 926 
828  855  I  882; 909 


!  )  ■ 


c  «   a 


.a 


:;§? 


to  ^ 


03  PL, 


tn>  * 


988  1017  1046 


98811017 
988  1017 
988  1 1017 
988  1017 


988 
988 
988 
988 
988 


1017 
1017 
1017 
1017 
1017 


1046 
1046 
1046 
1046 

1046 
1046 
1046 
1046 
1046 


988  1017  1046 
988  1017  1046 
988  1017 11046 
9881101711046 
9881101711046 


1075 
1075 
1075 
1075 


ClCM 


caPn 

-a  . 
O  a 


1105  1134  1163 
110511134  1163 
1105  1134  1163 
1105  11.34'1163 


1075|1105ill34|1163 


1075 
1075 
1075 
1075 
1075 

1075 
1075 
1075 
1075 


11051134 
11051134 
1105  1134 
1105111.34 
1105  1134 

1105:1134 
1105  1134 
1105  1134 
1105  1134 


1163 
1163 
1163 
1163 
1163 


1163 
1163 
1103 
1163 


1222 
1222 
1222 


1280 
1280 
1280 


12221280 
1222  1280 


1075ill05  1134ill03 


988  11017  1046  1075 11105 1134  1163 


987  |1015  11044  1073  11 102 ,1131 1159 
970  998  1020  |l054  1083  1 1 12  |ll.39 
953  980  1009  1036  1064  1092  1119 
936  963  I  991 1017  il0451073 1099 


813  8.39  866  893  919 


798  824 
783  809 
768  I  793 
754  I  778 


945 


850  877  902  .  928 
834  I  860-!  885  i  911 
818 ; 844  i  808 
802 . 827  I  852 


»!.«,  893 


973 
955 
937 
919 
901 


1222 
1222 
1222 
1222 
1222 


1222 
1222 
1222 
1222 
1222 


1280 
1280 
1280 
1280 
1280 

1280 
1280 
1280 
1280 
1280 


12221280 


12161275 
1195  1253 
1174  1231 
1153  1208 


999102610.5311079  1132|ll86 
980  1007103410591111  1164 


962 
943 
925 


9881014  1039  1090(1142 
9691  995  1019  10691120 
9501  9751  9991048  il098 


irea,in.i!r  64.73  66.98(  69.23,  71.48 

73.73 

75.98 

78.23 

80.48 

82.73 

84.98  87.23 

89.48 

93.98 

98.48 

Ii-i,in.^;  3221    3387  3556'  3727 
ri-i,in.  il    7.05    7.11    7.171    7.22 
l2-2.in.+  |   1903    1964   2025    2086 
r2-2,in.  1    5.42    5.42    5.4l|    5.40 

3900 
7.27 
2146 
5.40 

4076 
7.32 
2207 
5.39 

4255 
7.37 

2268 
5.38 

4436 
7.42 
2329 
5..38 

4619 
7.47 

2389 
5.37 

4805    4994 
7.52     7.57 
2450    2511 
5.37     5.37 

5185 
7.61 
2572 
5.36 

5575 
7.70 
2693 
5.35 

5976 
7.79 
2815 
5. .35 

Weight,            1          1         ;          1 
Lbs.  psr  i;  220.11  227.7,235.4  243.0  250.0 
Foot    li          1          1         1          1 

258.3i  266.0 

273.6 

,                      1 
281.31  288.9  296.6  304.2  319.5 

334.8 

Safe  load  values  above  zigzag  line  are  for  ratioe  of  1/r  not  over  60,  those  below  zigzag  line  are  for 
ratios  not  over  120  1/r. 
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15  INCH  CHANNEL  COLUMNS— Concluded 

:     H 

14 

>' 

->! 

Safe  Loads  in  Thousands  of  Pounds 

Allowable  Fiber  Stress  per  square  inch,   13,000 
pounds  for  lengths  of  60  radii  or  under,  reduced  for 
lengths  over  60 radii; see  Construction Speciflcations. 

y      \2    y 

details. 

1 

.s 

J 
1 

2-15  in.  Channels 

2-15  in.  45  lb.  Channels 
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11 
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16 
17 
18 
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20 
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24 
25 

26 
27 
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29 
30 

31 
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1340 
1340 
1340 
1340 
1340 

1340 
1340 
1340 
1340 
1340 

1340 
1340 
1340 
1340 
1340 

1340 

1408 
1408 
1408 
1408 
1408 

1408 
1408 
1408 
1408 
1408 

1408 
1408 
1408 
1408 
1408 

1408 

1485 
1485 
1485 
1485 
1485 

1485 
1485 
1485 
1485 
1485 

1485 
1485 
1485 
1485 
1485 

1485 

1547 
1547 
1547 
1547 
1547 

1547 
1547 
1547 
1547 
1547 

1547 
1547 
1547 
1547 
1547 

1547 
1547 
1547 
1547 

1612 
1612 
1612 
1612 
1612 

1612 
1612 
1612 
1612 
1612 

1612 
1612 
1612 
1612 
1012 

1612 
1612 
1612 
1612 

1677 
1677 
1677 
1677 
1677 

1677 
1677 
1677 
1677 
1677 

1677 
1677 
1677 
1677 
1677 

1677 
1677 
1677 
1677 

1742 
1742 
1742 
1742 
1742 

1742 
1742 
1742 
1742 
1742 

1742 
1742 
1742 
1742 
1742 

1742 
1742 
1742 
1742 

1807 
1807 
1807 
1807 
1807 

1807 
1807 
1807 
1807 
1807 

1807 
1807 
1S07 
1807 
1807 

1807 
1807 
1807 
1807 

1872 
1872 

1872 
1872 
1872 

1872 
1872 
1872 
1872 

1872 

1872 
1872 
1872 
1872 
1872 

1872 
1872 
1872 
1872 

1937 
1937 
1937 
1937 
1937 

1937 
1937 
1937 
1937 
1937 

1937 
1937 
1937 
1937 
1937 

1937 
1937 
1937 
1937 

2002 
2002 
2002 
2002 
2002 

2002 
2002 
2002 
2002 
2002 

2002 
2002 
2002 
2002 
2002 

2002 
2002 
2002 
2002 

2067 
2067 
2067 
2067 
2067 

2067 
2067 
2067 
2067 
2067 

2067 

2067 
2067 
2067 
2067 

2067 
2067 
2067 
2067 

2132 
2132 
2132 
2132 
2132 

2132 
2132 
2132 
2132 
2132 

2132 
2132 
2132 
2132 
2132 

2132 
2132 
2132 
2132 

1331 
1307 
1284 
1261 

1238 
1214 
1191 
1168 
1145 

1394 
1369 
1344 
1320 

1295 
1270 
1246 
1221 
1197 

1465 
1439 
1413 
1387 

1361 
1335 
1309 
1283 
1257 

1543 

1519 
1495 
1471 
1447 
1424 

1607 

1582 
1557 
1532 
1507 
1482 

1670 

1644 
1618 
1592 
1566 
1540 

1735 

1708 
1681 
1654 
1627 
1600 

1798 

1770 
1742 
1714 
1686 
1658 

1863 

1834 
1805 
1776 
1747 
1718 

1926 

1896 
1866 
1836 
1806 
1775 

1991 

1960 
1929 
1897 
1866 
1835 

2054 

2022 
1989 
1957 
1925 
1893 

2118 

2085 
2052 
2019 
1985 
1952 

Area,  in.2 

103.08 

108.33^1 114.23; 

118.98  123.98 

128.98 

133.98 

138.98 

143.98  148.98 

153.98 

158.98 

163.98 

Ii-i,in.* 
n-i.in. 

r2-2.in. 

6037 
7.65 
2919 
5.32 

6123 
7.52 
3021 

5.28 

6233 
7.39 
3148 
5.25 

6397    6843 
7.33     7.43 
4240    4407 
5.97     5.96 

7300 
7.52 
4573 
5.95 

7769 
7.61 
4740 
5.95 

8251 
7.70 
4907 
5.94 

8744 
7.79 
5073 
5.94 

9251 
7.88 
5240 
5.93 

9770 
7.97 
5407 
5.93 

523.5 

10301 
8.05 
5573 
5.92 

10846 
8.13 
5740 
5.92 

557.5 

Weight, 

Lbs.  per 

Foot 

350.5 

368.4 

388.4 

404.5   421.5 

438.5 

455.5 

472.5 

489.5 

506.5 

540.5 

Safe  load  values  above  zigzag  line  arc  for  ratios  of  !/r  not  over  60,  those  below  zigzag  line  are 
for  ratios  not  over  120  1/r. 
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PLATE  AND  ANGLE  COLUMNS 
Safe  LoAps  in  Thousands  of  Pounds 

Allowable  Fiber  Stress  per  square  inch,  13,000 
pounds  for  lengths  of  00  radii  or  under,  reduced  for 
lengths  over  00  radii;  see  Construction  Specifications. 

Weights  do  not  include  rivet  heads  or  other 
details. 


1 
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.* 
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H 

s 

J 

6 
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63 
56 
49 
43 

81 

88 

94 
86 
79 
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65 

67 
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119 
119 

125 
125 

142 
142 

141 
141 
141 

161 
161 
161 

168 
168 
168 

188 
188 

188 

208 

7 

78 
72 
66 
60 

54 
49 

82 
76 
69 
63 

56 
50 

103 

101 

208 

8 

95 

87 
78 

70 
62 

96 
89 
83 

76 
70 
63 

57 

115 
107 
100 

92 
85 

78 
70 

120 
112 
104 

96 

89 
81 
73 

138 
130 
121 

112 

104 

95 

86 

77 

208 

9 
10 

136 
128 

121 

113 

105 

97 

89 

81 

158 
149 

140 
131 
123 
114 
105 

97 

88 

163 
154 

145 
136 
127 
118 
109 

100 
90 

185 
175 

165 
155 
145 
135 
124 

114 
104 

206 
196 

11 

38 
35 
32 
28 
25 

22 
18 

185 

12 

50 
47 
43 
39 

36 
32 
28 
25 

174 

13 
14 

43 
40 
37 

34 
32 
29 
26 
23 

20 

45 
42 
39 

35 
32 
29 
26 
22 

50 
52 

48 

44 
40 
36 
32 

28 

163 
152 

15 

52 

49 
46 
43 
39 
36 

33 
30 
27 
23 

63 

60 
56 
52 
49 
45 

41 
38 
34 
30 

1 

66 

62 
58 
54 
50 

47 

43 
39 
35 
31 

141 

16 

73 
68 
64 
60 
55 

51 
47 
42 
38 
34 

130 

17 

75 
71 
67 
63 

59 
55 
51 

48 
44 

40 
36 

120 

18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

83 
79. 
74 

70 
66 
61 
57 
53 

48 
44 
39 

86 
81 

77 

72 
68 
63 
59 
54 

49 
45 
40 

98 
93 
88 

83 
78 
73 
68 
63 

58 
53 

48 

110 
105 
100 

94 
89 
83 
78 
72 

67 
62 
56 
51 

Area,in.2 

5.74 

6.26 

6.74 

42.6 
2.51 
10.3 
1.24 

7.24 

81.2 
3. .35 
10.3 
1.19 

8.48 

96.9 
3.38 
12.9 
1.23 

7.76 

90.1 
3.41 
16.0 
1.44 

9.12 

107 
3.43 
20.2 
1.49 

9.62 

10.94 

127 
3.40 
24.9 
1.51 

10.80 

122 
3.35 
30.3 
1.67 

37.3 

12.42 

141 
3.36 
36.3 
1.71 

12.92 

14.48 

161 
3.34 
43.5 
1.73 

49.4 

16.00 

Ii-i,  in.* 
ri-i,  in. 
I2-2.  in.* 
r2-a,  in. 

34.3 
2.45 
6.2 
1.04 

39  1 
2.50 
10.3 
1.28 

110 
3.38 
20.7 
1.47 

143 
3.33 
37.2 
1.70 

178 
3.33 
50.2 
1.77 

Wdgiit, 

lbs.  per  1  19.6 
Foot 

21.5 

23.1 

24.8 

29.2 

26.4 

31.2 

32.9 

37.3 

42.5 

44.2 

54,6. 

Safe  load  values  above  and  to  right  of  upper  zigzag  line  are  for  ratios  of  1/r  not  over  60,  those 
between  the  zigzag  lines  are  for  ratios  up  to  120 1/r,  and  those  below  lower  zigzag  line  are  for  ratios  not 
over  200  l/r. 
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PLATE  AND  ANGLE  COLUMNS— Continued 

*;:?; 

"^1 

f 

Safe  Load.s  in  Thousands  of  Pounds 

+ 

1_ 

—J.                             Allowable  Fiber  Stress  per  square  inch,  13,000 

pounds  for  lengths  of  60  radii  or  under,  reduced  for 
K                     lengths  over  60  radii ;  see  Construction  Specifications. 

< i                        Weights  do  not  include  rivet  heads    or   other 

2                       details. 
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2 
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1.58 

191 
182 

216 
206 

225 
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238 
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123 

23 

li 

5   34 

34 

51 

62 

63 

74 

103 

lis 

150 

172 

195 

203 

226 

249 

258 

24 

1  30 

47 

57 

58 

68 

9S 

113 

141 

163 

185 

192 

214 

236 

245 

25 

43 

52 

53 

63 

93 

108 

132 

154 

175 

181 

203 

223 

232 

26 
27 

39 
34 

48 
43 

48 
43 

57 
52 

89 
84 

103  126 
98  121 

144 

164 

170 

191 

210 

218" 

1391  157 

164 

181 

198 

207 

28 

47 

80 

93]  117  134 

152 

15«y 

175 

192 

200 

29 

75 

88' 113  130 

146 

153 

169 

186 

193 

30 

71 

83|  109,  125 

141 

147 

164 

179 

187 

Area,  in.^ 

7.74  8 

26  9.62 

10.25 

11.49 

13.05 

13.67 

15.23 

15.95 

17.87  18.19 

20.47 

22.75 

24.00 

26.24 

28.44 

29.69 

Ii-i-iii-* 

134   1 

48   176 

181 

201 

232 

237 

267 

279 

315    319 

361 

401 

412 

451 

489 

500 

n-i.in. 

4.16  4. 
10.3  It 

^3  4.28 

4.20 

4.18 

4.22 

4.17 

4.19 

4.18 

4.20    4.19 

4.20 

4.20 

4.14 

4.15 

4.15 

4.10 

l2-2,in.* 

.0  20.2 

2U.7 

30.3 

36.3 

37.2 

43.5 

70.6 

82.3     119 

139 

160 

165 

186 

206 

213 

r2-2,lB. 

1.15  1. 

39  1.45 

1.42 

1.62 

1.67 

1.65 

1.69 

2.10 

2.15    2.56 

2,61 

2.65 

2.62 

2.66 

2.69 

2.68 

Weight, 

lbs.  p«r 

Foot 

26.5  28 

.1  32.9 

35.0 

39.4 

44.6 

46.8 

52.0 

54.4 

60.8   62.0 

70.0 

77.6 

81.8 

89.4 

97.0 

101.3 

Safe  load  values  above  and  to  right  of  upper  zigzag  line  are  for  ratios  of  1/r  not  over  60,  those 

between  the  zigzag  lines  are  for  ratios  up  to  120  1/r,  and  those  below  lower  zigzag  line  are  for  ratios 

not  over  200  1/r. 
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299 
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57 
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187  195 
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202 

284 

294'  305 

^    25 

42 

42 

52 

53 

95 

109 123 

155 

176,183 

204  226 

248 

269 

278  288 

26 

38 

38 

47 

48 

91 

1041is'l47 

166  173 

192  213 

234 

254 

262  272 

27 

42 

86 

98112'142 

1601167 

185:203 

220 

239 

247|256 

28 

81 

93  100  137 

154' 162 

I79I19G 

21.3' 

2il0 

239 : 248 

29 

76 

SS'lOl  132 

149  150 

173  189 

206 

223  2311  240    1 

30 

71 

S21  95  127 

143:15(1 

100  1S:5 

199 

215'|223 

232    I 

Arca,in.2 

17 

610.1211.36 

12.1113.67^^14.42^.70^18.6220.50 

21.22 23.50  25.00 27.24  29.44^31.60 33.76 135.26 

36.76 

Ii-i.in.* 

~z 

S  264 

295 

~30i 

350 

359 

421    476 

526 

~544 

6O5'    623 

683    741 

794 

849 

867' 

~885 

n-i,  in. 

5.( 

>4  5.11 

5.09 

5.01 

5.06 

4.99 

5.02  5.05 

5.07 

5.06 

5.07   4.99 

5,01 

5.02 

5.01 

5.01 

4.96 

4.91 

I2-2,  in.* 

16 

0  20.2 

29.6 

30.3 

36.3 

37.3 

70.6  82.3 

94.6 

139 

160    165 

186 

206 

228 

249 

2571 

266 

ra-o.in. 

1. 

i5  1.41 

1.61 

1.58 
41.6 

1.63 
46.8 

1.61 
49.3 

2.06  2.10 
56.9  63.3 

2.15 

2.56 

2.61 
80.1 

257  261 
85.2j  92.8 

265 
100.4 

2.69 
107.6 

2.72 
114.8 

a7o 

119.9 

1 

2.69 
125.0 

Weight, 
lbs.  per 

Foot 

29 

8  34.6 

39.0 

69.7  72.5 

Safe  1( 

53(1 

values 

above  and  to  right  of  upper  zigzag  line  are  for  ratios  of  1/r  not  over  60,  those 

betwppn  zi 

523) 

g  lines 

are  for  ratios  up  to  120  1/r,  and  those  below  lower  zigzag  line  are  for  ratios  not 

over  2U0  1/ 

r. 
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Safe  Loads  in  Thousands  of  Pounds 

^, 

r- 

Allowable  Fiber  Stress  per  square  inch,  13,000 
pounds  for  lengths  of  60  radii  or  under,  reduced  for 
lengthLi  over  60  radii ;  see  Construction  Specifications. 

"Weights  do  not  include  rivet  heads    or   other 
details. 
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419 

405 
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377 
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417 
403 
388 
373 

479 
463 
448 
432 
416 

503 

487 
470 
454 
437 

527 
509 
492 
475 
457 

540 
522 
504 

486 
468 

587 
568 
548 
529 
510 

634 
614 
594 
574 
554 

679 
658 
637 
616 
595 

26 
27 
28 
29 
30 

267 
256 
244 
233 
222 

310 

297 
285 
273 
261 

329 
316 
303 
290 

277 

349 
335 
321 
307 
293 

358 
344 
329 
314 
299 

401 

385 
369 
354 
338 

421 
404 
388 
371 
354 

440 

422 
405 
388 
370 

450 
431 
413 
395 
377 

491 

472 
453 
434 
415 

534 
514 
494 
474 
454 

574 
553 
532 
511 
490 

31 
32 
33 
34 
35 

211 

249 

264 
250 

279 

285 

323 

338 
321 

353 
336 

359 
341 

396 

377 

434 
414 
394 

469 
448 
427 

203 

237 

265 

272 

307 

197 
191 
186 

228 
221 
215 

242 
235 
229 

257 
250 
243 

264 
257 
249 

294 
287 
279 

309 
301 
293 

323 
315 
306 

331 
322 
313 

361 
351 
342 

381 
371 

409 
399 

.&Tea,  in.- 

Ii-i,in.* 
,ri-i,in 

l2-2>}n.4 

r2-2iiii. 

29.44 

32.94 

35.22 

37.50 

39.00 

42.50 

44.74 

46.94 

48.44 

51.94 

55.44 

58.94 

916 
5.58 

291 
3.14 

1073 
5.71 
348 
3.25 

1136 
5.68 
368 
3.23 

1107 
5.65 
388 
3.22 

1215 
5.58 
394 
3.18 

1377 
5.69 
451 
3.26 

1437 
5.67 
472 
3.25 

1495 
5.64 
492 
3.24 

1513 
5.59 
499 
3.21 

1682 
5.69 
556 
3.27 

1856 
5.79 
613 
3.33 

2037 
5.88 
671 
3.37 

Weight, 

lbs.  per 

Foot 

100.2 

112.1 

120.1 

127.7 

132.8 

144.7 

152.3 

159.9 

165.0 

176.9 

188.8 

200.7 

Safe 
between 
over  2O0 

load  values  al 
zigzag  lines  are 
1/r. 

ove  and  to  right  o[  upper  zigzag  line  are  for  ratios  of  l/r  no 
for  ratios  up  to  120  1,'r,  and  those  below  lower  zigzag  line  ai 

;  over  60,  those 
e  for  ratios  not 
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Safe  Loads  in  Thousands  of  Pounds 

Allowable  Fiber  Stress  per  square  inch,  13,000 
pounds  for  lengths  of  60  radii  or  under,  reduced  for 
lengths  over  60  radii ;  see  Construction  Specifications. 

Weights  do   not  include  rivet  heads  or  other 
details. 
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713 
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613 
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563 
538 
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960 
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908 
882 
856 
830 
805 

779 
753 
727 
701 
675 

649 
623 
597 
571 
545 

1034  1082 

1007  1054 

980  1026 

953     998 
926     970 
899     942 
872     914 
845    886 

818    858 
791     830 
764     802 
737     774 
710    746 

684     718 
657    690 
630    662 
603     634 

576    606 
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208 
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236 
229 
222 
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200 
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237 
230 

267 
260 
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427  ;  456 

1 

484 

Ana,in.- 

62.44 

65.94 

69.44 

72.94 

76.44 

79.94 

83.44 

86.94 

30.19 

32.47 

34.75 

36.50 
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Ii-i,  in* 
n-i,  in. 
1 2-2.  in.* 
r2-2.  in. 

2224 
5.97 
728 
3.41 

2418 
6.06 
785 
3.45 

2618 
6.14 
842 
3.48 

2825 
6.22 
899 
3.51 

3038 
6.30 
956 
3.54 

3259 
6.38 
1014 
3.56 

3486 
6.46 
1071 
3.58 

3721 
6^4 
1128 
3.60 

1261 
6.46 
291 
3.10 

1.351 
6.45 
311 
3.09 

1436 
6.43 
331 
3.09 

1539 
6.49 
360 
3.14 

1643 
6.55 
388 
3.19 

Weight, 

lbs.  per 

Foot 

212.6 

224.5 

1 

236.4 

248.3 

260.2 

272.1 

284.0 

295.9 

102.8 

110.8 

118.4 

124.3 

130.3 

Safe 
between  j 
over  200 1 

load  values  above  and  to  right  of  upper  zigzag  line  are  for  ratios  of  1/r  not  over  60,  those 
igzag  lines  are  for  ratios  up  to  120  1/r,  and  those  below  lower  zigzag  line  are  for  ratios  not 
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PLATE  AND  ANGLE  COLUMNS— Continued 

Safe  Loads  in  Thousands  of  Pounds 

Allowable  Fiber  Stress  per  square  inch,  13,000 
pounds  for  lengths  of  60  radii  or  under,  reduced  for 
lengths  over  60  radii;  see  Construction  Specifications. 

Weigbts  do  not  include  rivet  heads   or  other 
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12 
13 
14 
15 

520 
520 
520 
520 
520 

520 

543 
543 
543 
643 
543 

543 

566 
566 
566 
566 
566 

566 

595 

595 
595 
595 
595 

595 

623 
623 
623 
623 
623 

623 

646 
646 
646 
646 
646 

691 
691 
691 
691 
691 

691 

737 
737 
737 
737 
737 

737 

782 
782 
782 
782 
782 

782 

828 
828 
828 
828 
828 

828 

873 
873 
873 
873 
873" 

873 
873 

919 
919 
919 
919 
919 

16 

643 

624 
606 
587 
568 

549 
530 
511 

493 
474 

455 
436 
417 
399 
380 

361 

919 

17 

507 
493 
478 
463 

448 
433 
418 
403 
388 

374 
359 
344 
329 
314 

299 

284 

533 
517 
502 
487 

472 
456 
441 
426 
410 

395 
380 
364 
349 
334 

318 
303 

551 
535 
518 
502 

486 
470 
454 
437 
421 

405 
389 
373 
356 
340 

324 
308 

578 
561 
544 
527 

510 
493 

476 
459 
442 

424 
407 
390 
373 
356 

339 
S22 

605 
587 
569 
551 

533 
515 
497 
479 
461 

443 
425 
407 
390 
372 

354 
336 

675 
655 
635 
615 

596 
576 
556 
536 
517 

497 
477 
457 
438 
418 

398 
378 

726 
705 
684 
664 

643 
622 
602 

581 
660 

540 
519 
498 
477 
457 

436 
415 

776 
754 
733 
711 

689 
668 
646 
625 
603 

581 
560 
538 
616 
495 

473 

452 
430 

826 
803 
780 
758 

735 
713 
690 
667 
645 

622 
600 
577 
554 
532 

509 

487 
464 

919 

18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

31 

852 
829 
805 

782 
758 
734 
711 
687 

664 
640 
617 
593 
569 

546 
522 
499 
475 

901 
876 
851 

827 
802 
778 
753 
728 

704 
679 
655 
630 
605 

581 

32 

345 
336 
326 
317 

556 

33 

275 
267 
260 

290 

282 
275 

298 
290 
282 

312 
304 
295 

327 
318 
309 

365 
356 
346 

396 
385 
375 

532 

34 

415 
404 

444 
432 

507 

35 

461 

489 

Area,  in.2 

40.00 

41.75 

43.50 

45.74 

47.94 

49.69 

53.19 

56.69 

60.19 

03.69 

67.19 

70.69 

Ii-i,ia-* 
ri-i,in. 
I2-2,  m* 
t2-2.  in- 

1749 
C.61 
417 
3.23 

1S57 
6.67 
446 
3.27 

1SS5 
6.58 
451 
3.22 

1970 
6.56 
472 
3.21 

2053 
6.54 
492 
3.20 

2081 
6.47 
499 
3.17 

2302 
6.58 
556 
3.23 

2529 
6.68 
613 
3.29 

2764 
6.78 
671 
3.34 

3006 
6.S7 
728 
3.38 

3255 
6.96 
785 
3.42 

3512 
7.05 
842 
3.45 

Weight, 

Lbs.  per 

Poot 

136.2 

142.2 

148.1 

155.7 

163.3 

169.3 

181.2 

193.1 

205.0 

216.9 

22S.8 

240.7 

Safe  load  values  above  and  to  right  of  upper  zigzag  line  are  for  ratios  of  l/r  not  over  60,  those 
between  the  zigzag  linea  are  for  ratioa  up  to  120  l/r,  and  those  below  lower  zigzag  line  are  for  ratios 
not  over  200  lir. 
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PLATE  AND  ANGLE  COLUMNS— Continued 
Safe  Loads  in  Thousands  of  Pounds 

Allowable  Fiber  Stress  per  square  inch,  13,000 
pounds  for  lengths  of  60  radii  or  under,  reduced  for 
lengths  over  60  radii ;  see  Construction  Specifications. 

Weights  do  not  include  rivet  heads  or  other 
details. 
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12 
13 
14 
15 

9G4 
964 
964 
964 
964 

1010 
1010 
1010 
1010 
1010 

10.55 
lOoo 
1055 
1055 
1055 

1101 

1101 
1101 
1101 
1101 

1146 
1146 
1146 
1146 
1146 

1198 
1198 
1198 
1198 
1198 

1250 
1250 
1250 
1250 
1250 

1315 
1315 
1315 
1315 
1315 

1367 
1367 
1367 
1367 
1367 

1419 
1419 
1419 
1419 
1419 

1471 
1471 
1471 
1471 
1471 

1523 
1523 
1523 
1523 
1523 

16 
17 

964 
964 

1010 
1010 

1055 
1055 

1101 
1101 

1146 
1146 

1198 
1198 
1198 

1250 
1250 
1250 

1315 
1315 

1367 
1367 

1419 
1419 
1419 

1471 
1471 
1471 

1523 
1523 

18 

949 

998 

1046 

1095 

1144 

13151 1367 

1523 

19 

924 

898 

872 
847 
821 
796 
770 

971 
945 

918 
892 
865 
839 
812 

1018 
991 

963 
935 
908 
880 
853 

1067 
1038 

1010 
981 
953 
924 
895 

1114 
1084 

1055 

1025 

996 

966 

937 

1198 
1198 

1250 

1315; 1367 

1419 

1471 
1471 

1523 

20 

1250 

1308  [  1364 

1419 

1523 

21 
22 
23 
24 
25 

1174 
114G 
1119 
1091 
1064 

1229 
1201 
1172 
1144 
1115 

1277 
1246 
1216 
1185 
1154 

1333 
1301 
1269 
1237 
1206 

1388 
1.356 
1323 
1290 
1258 

1443 
1409 
1375 
1342 
1308 

1497 
1403 
1428 
1393 
1359 

26 
27 
28 
29 
30 

744 
719 
693 
668 
642 

786 
759 
732 
706 
679 

825 
797 
770 
742 
715 

867 
838 
810 
781 
753 

907 
877 

848 
818 
789 

1036 

1009 

981 

954 

926 

1087 
1058 
1030 
1001 
973 

1123 
1093 
10G2 
1031 
1000 

1174 
1142 
1111 
1079 
1047 

1225 
1192 
1160 
1127 
1094 

1274 
1241 
1207 
1173 
1139 

1324 
1289 
1254 
1220 
1185 

31 
32 
33 
34 

617 
591 
565 
540 

653 
626 
600 
573 
546 

687 
659 
632 
604 
577 

724 
696 
667 
630 
610 

759 
730 
700 
671 
641 

899 
871 
843 
816 

788 

944 
916 
887 
859 
830 

970 
939 
908 
877 

847 

1015    1062 
984    1029 
952      996 
920,    964 
889,    931 

1106 
1072 
10.38 
1005 
971 

1150 
1115 
1081 
1046 

35 

517 

1011 

Area,io.- 

74.19 

77.09 

81.19 

84.69 

88.19 

92.19 

98.19 

101.19 

105.19 

109.19 

113.19 

117.19 

Ii-i.in.* 
ri-i.in. 
1 2-2.  in* 
r 2-2.  in. 

3776 
7.1.3 
899 
3.48 

4048 
7.22 
956 
3.51 

4327 
7.30 
1014 
3.53 

4615 
7.38 
1071 
3.56 

4910 
7.46 
1128 
3..58 

5120 
7.45 
1493 
4.02 

5457 
7.53 
1579 
4.05 

5484 
7.36 
1.581 
3.95 

5830 
7.44 
16G6 
3.98 

6187 
7.53 
1752 
4.01 

6552 
7.61 
1837 
4.03 

6928 
7.69 
1922 
4.05 

▼eight, 

Lbs.  per 

Foot 

252.6 

264.5 

276.4 

288.3 

300.2 

313.8 

327.4 

344.2 

357.8 

371.4 

385.0 

398.6 

Safe  load  values  above  and  to  right  of  upper  zigzag  line  are  for  ratios  of  1/r  not  over  60,  those 
between  the  zigzag  lines  are  for  ratios  up  to  120  l/r  and  those  below  lower  zigzag  line  are  for  ratios 
act  over  200  l/r. 
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Safe  Loads  in  Thousands  of  Pounds 
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4 

1                           Allowable  Fiber  Stress  per  square  inch,  13,000 

pounds  for  lengths  of  60  radii  or  under,  reduced  for 

~L                   lengths  over  60  radii;  see  Construction  Specifications. 
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Weights  do  not  include  rivet  heads   or  other 

details. 
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13 
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1592 
1592 
1592 
1592 
1592 

1657 
1657 
1657 
1657 
1657 

1728 
1728 

1728 
1728 
1728 

1787 

1787 
1787 
1787 
1787 

1845 
1845 
1845 
1845 
1845 

1904 
1904 
1904 
1904 
1904 

1949 
1949 
1949 
1949 
1949 

2027 

2027 
2027 
2027 
2027 

2092 

2092 
2092 
2092 
2092 

2157 
2157 
2157 
2157 
2157 

2222 
2222 
2222 
2222 
2222 

2287 
2287 
2287 
2287 
2287 

16 
17 
18 
19 
20 

21 
22 
23 
24 
25 

26 
27 
28 
29 
30 

1592 
1592 
1592 
1592 

1657 
1657 
1657 
1657 
1657 

1728 
1728 
1728 
1728 
1728 

1728 

1728 
1728 

1787 

1787 
1787 
1787 
1787 

1787 
1787 

1787 

1845 
1845 
1845 
1845 
1845 

1845 
1845 
1845 

1904 
1904 
1904 
1904 
1904 

1904 
1904 
1904 

1949 
1949 
1949 
1949 
1949 

1949 
1949 
1949 

2027 
2027 
2027 
2027 
2027 

2027 
2027 
2027 
2027 
2027 

2092 
2092 
2092 
2092 
2092 

2092 
2092 
2092 
2092 
2092 

2157 
2157 
2157 
2157 
2157 

2157 
2157 
2157 
2157 
2157 

2222 
2222 
2222 
2222 
2222 

2222 
2222 
2222 
2222 
2222 

2287 
2287 
2287 
2287 
2287 

2287 
2287 
2287 
2287 
2287 

1590 

1553 
1516 
1479 
1443 
1406 

1369 
1332 
1295 
1258 
1222 

1653 
1616 
1580 
1543 
1507 

1470 
1434 
1397 
1360 
1324 

1695 
1661 

1626 
1592 
1557 
1522 

1488 

1756 
1721 

1685 
1650 
1614 
1578 
1543 

1818 
1781 

1744 
1708 
1671 
1635 
1598 

1879 
1842 

1804 
1760 
1729 
1691 
1653 

1918 
1879 

1841 
1802 
1763 
1724 
1686 

2009 

1972 
1935 
1899 
1862 

2077 
2039 
2002 
1964 
1926 

2146 
2107 
2068 
2029 
1991 

2214 
2175 
2135 
2095 
2055 

2283 
2242 
2202 
2161 
2120 

31 
32 
33 
34 
35 

1185 
1148 
1111 
1074 
1038 

1287 
1251 
1214 
1177 
1141 

1453 
1419 
1384 
1349 
1315 

1507 
1471 
1430 
1400 
1365 

1561 
1525 
1488 
1451 
1415 

1616 
1578 
1641 
1503 
1465 

1647 
1608 
1509 
1530 
1492 

1825 
1789 
1752 
1715 
1679 

1889 
1851 
1813 
1775 
1738 

1952 
1913 
1874 
1836 
1797 

2016 
1976 
1936 
1896 
1857 

2079 
2039 
1998 
1957 
1916 

lrea,in.2 

122.44 

127.44 

132.94 

137.44 

141.94 

146.44  ,  149.94 

155.94 

160.94 

165.94 

170.94 

175.S4 

Ii-i,in.* 
r  1-1  .in. 
l2-2,in.-t 
r2-2,in, 

7014 
7.57 
1946 
3.99 

7254 

7.54 
2229 
4.18 

7559 
7.54 
2831 
4.61 

7981 
7.62 
2953 
4  63 

8415 
7.70 
3074 
4.65 

8859 
7.78 
3196 
4.67 

8916 
7.71 
3222 
4.64 

9248 
7.70 
4049 
5.10 

9741 
7.78 
4216 
5.12 

10248 
7.86 
4383 
5.14 

10767 
7.94 
4549 
5.16 

11298 
8.01 
4716 
5.18 

Weight, 

lbs.  per 

Foot 

416.4 

43.3.6 

452.3 

467.6 

482.9 

498.2 

510.1 

530.5     547.5 

564.5 

581.5 

598.5 

Safe 

load  v£ 

lues  above  and  to  right  of  zigzag  line  are  for  ratios  of  1/r  not  over  60,  those  below 

zigzag  lii 

earefo 

r  ratios  not  over  120  1/r. 
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TYPICAL  COLUMN  DETAILS 


Bearing  on  Masonry 


MILL  BUILDING  COLUMX 


Simplicity  in  details  is  essential  to 
economical  construction.  To  eliminate 
bending  or  secondary  stresses,  it  is 
desirable  in  making  designs  and  details 
that  loads  be  transmitted  from  beams, 
girders  and  trusses  to  columns  directly 
and  with  the  minimum  number  of 
connecting  pieces,  rivets,  or  bolts,  and 
that  the  rivets  or  bolts  be  stressed  in 
shear  or  bearing  onlj-. 

The  column  connections  shown  on 
this  page  and  the  two  pages  which  fol- 
low represent  the  best  modern  practice 
and  conform  to  these  fundamental 
conditions  and  cover  the  range  of 
cases  met  with  in  ordinary  mill  and 
office  building  construction. 

Where  columns  rest  on  steel  slabs 
or  castings,  the  loads  are  transmitted 
directly  into  the  footing,  and  shoe 
angles  may  be  provided  for  proper 
anchorage.  Where  they  rest  on 
masonry,  gusset  plates  may  be  re- 
quired to  distribute  the  load. 

Columns  should  be  milled  to  accu- 
rate bearing  at  joints,  with  spUce  plates 
sufficient  to  hold  the  sections  in  Hne 
and  to  resist  bending  stresses.  Horizon- 
tal bearing  plates  must  be  used  between 
colunm  sections  of  different  forms  or 
general  dimensions.  Rivet  spacing  in 
column  shafts  and  at  beam  connections 
should  be  uniform  to  permit  the  use  of 
multiple  punches;  spacing  should  be 
in  multiples  of  one-quarter  inch. 

Erection  requirements  should  not 
be  overlooked;  beams  should  frame 
with  ample  clearances,  particularly  to 
column  webs,  and  rivets  should  be 
countersunk  or  flattened  where  neces- 
sary to  swing  beams  into  position. 
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TYPICAL  COLUMN  DETAILS 
Office  Building  Construction 


Section  A-A 


Section  B-B 


TYPICAL  ANGLE  COL  LIMN 
Bearing  on  Masonry 


Section  A-A 


Section  B-B 


o     I     o 


I 


='b' 


TYPICAL  ANGLE  COLUMN 
Bearing  on  Steel 
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TYPICAL  COLUMN  DETAILS 

Office  Building  Construction 


TYPICAL  CHANNEL  COLUMN 
Bearing  on  Steel 


TYPICAL  SPLICE 
Angle  Column,  to  Channel  Column 


TYPICAL  SPLICE 

Angle  Columns,  different  sizes 


TYPICAL  SPLICE 
Channel  Columns,  different  sizes 
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CAST  IRON  COLUMNS 

Allowable  Unit  Stresses  in  Pounds  per  Square  Inch 

By  New  York  Building  Law,  1917 
9000-iO  l/r  lbs.  per  square  inch 


1/r 

Lbs.  per  Sq.  In. 

l/r 

Lbs.  per  Sq.  In. 

I/r 

Lbs.  per  Sq.  In. 

0 

9000 

30 

7800    j 

51 

1    6960 

10 

8600 

31 

7760 

52 

6920 

11 

8560 

32 

7720 

53 

6880 

12 

8520 

33 

7680 

54 

6840 

13 

8480 

34 

7640 

55 

6800 

14 

8440 

35 

7600 

56 

6760 

15 

8400 

36 

7560 

57 

6720 

16 

8360 

37 

7520 

58 

6680 

17 

8320 

38 

7480 

59 

6640 

18 

8280 

39 

7440 

60 

6600 

19 

8240 

40 

7400 

61 

6560 

20 

8^00 

41 

7360 

62 

6520 

21 

8160 

42 

7320 

63 

6480 

22 

8120 

43 

7280 

64 

6440 

23 

8080 

44 

7240 

65 

6400 

24 

8040 

45 

7200 

66 

6360 

25 

8000 

46 

7160 

67 

6320 

26 

7960 

47 

7120 

68 

6280 

27 

7920 

48 

7080 

69 

6240 

28 

7880 

49 

7040 

70 

6200 

29 

7840 

50 

7000 

The  safe  load  for  a  cast  iron  column  of  given  dimensions  is  determined 
from  the  above  table  by  obtaining  the  ratio  of  l/r  and  multiplying  the  correspond- 
ing unit  stress  by  the  sectional  area  of  column. 

Example: — Required  the  safe  load  of  a  cast  iron  column,  15  inches  square, 
J^  inch  in  thicloiess,  and  16  feet  long. 

From  table  of  Hollow  Square  Sections,  page  179,  the  radius  of  gyration 
is  5.78  inches  and  the  sectional  area  is  49.44  square  inches;  hence  the  ratio  of 
l/r=16x  12  -f- 5.78  =  33.2,  corresponding  to  a  stress  of  7672  pounds  per  square 
inch,  giving  a  total  safe  load  of  49.44  x  7672  =  379300  pounds. 

The  minimum  size  of  a  cast  iron  colunm  of  a  certain  length  to  safely 
support  a  given  load  is  determined  as  follows: 

Divide  the  length  in  inches  by  70;  the  quotient  is  the  minimum  allowable 
radius  of  gyration  required.  Divide  the  total  load  by  6200  pounds ;  the  quotient 
is  the  minimum  sectional  area. 

Example: — Required  the  minimum  size  of  a  roimd  cast  iron  column,  20 
feet  long,  to  support  a  load  of  235000  poimds. 

The  minimum  radius  of  gyration  is  20 x  12  -;-  70  =  3.43  inches;  the  minimum 
area  is  235000  h-  6200  =  37.90  square  inches.  From  table  of  Hollow  Round  Sec- 
tions, page  178,  the  nearest  minimum -size  for  this  radius  of  gyration  and  this 
area  is  found  to  be  a  colunm  11  inches  in  diameter  and  1 J^  inches  in  thickness. 
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CAST   IRON   COLUMNS 


ROUND  CAST  IRON  COLUMNS 

Allowable  Loads  in  Thousands  of  Pounds 

By  New  York  Building  Law,  1917 

Weights  do  not  include  details 


Outer    Thick- 
Dia., 
Inches 


10 


11 


12 


13 


14 


15 


16 


ness, 
Inches 


Weight' T 
•Aj-ea,  i    per     L; 
Inches^   Foot,  |^' 
Pounds  I 


% 
Vi 

% 
Va. 

y% 

1 

y% 
1 
\y% 

% 
1 

IH 

ly* 

1 
\y% 

iM 
1% 

1% 

iji 
1% 
iH 

114 

lya 
iy2 
1% 

lyi 

\% 
x% 

iy2 
y% 
1% 
iy» 

lys 

IH 
2 

IM 

2 

2H 


8.64 
10.55 
12.37 
14.09 

12.52 
14.73 
16.84 
18.85 

17.08 
19.59 
21.99 
24.30 

22.34 
25.13 
27.83 
30.43 

28.28 
31.37 
34.36 
37.26 

34.90 
38.29 
41.58 
44.77 

42.22 
45.90 
49.48 
52.97 

50.22 
54.19 
58.07 
61.85 

58.91 
63.18 
67.35 
71.42 


27.0 
33.0 
38.7 
44.0 

39.1 
46.0 
52.6 
58.9 

53.4 
61.2 

68.7 
75.9 

69.8 
78.5 
87.0 
95.1 

88.4 

98.0 

107.4 

116.4 

109.1 
119.7 
129.9 
139.9 

131.9 
143.4 
154.6 
165.5 

156.9 
169.4 
181.5 
193.3 

184.1 
197.4 
210.5 
223.2 


68.29  213.4 


72.85 
77.31 
81.68 


227.6 
241.6 
255.3 


1.95 
1.91 

1.88 
1.84 

2.27 
2.23 
2.19 
2.15 

2.58 
2.54 
2.50 
2.46 

2.89 
2.85 
2.81 
2.78 

3.20 
3.16 
3.13 
3.09 

3.51 
3.48 
3.44 
3.40 


Effective  Length  of  Column  in  Feet 


8  10  12  14  16  18  20  22  24  26  28 


61 
74 
86 
97 

92 
107 
122 
136 

128 
147 
164 
181 


101 
115 
128 

122 
139 
156 
171 


171  164 
192  184 
212203 
2321221 

22l'212 
244  235 

267  257 
289  277 

276  266 
302  292 
328  316 


81 

95 

107 

119 

116 
132 
147 
162 

157 
175 
193 
211 


109 
124 
139 
152 

149 
167 
184 
200 


204  195 
225  216 
246  235 
260  254 


142 
158 
174 
190 

187 
206 
225 
243 


257  247  238 
281  271  260 
305  293  281 
352  340  3271314  302 


3.83  1338  327 

3.79  1367  3.55 

3.75  395  382 

3.71  422  408 


178 
197 
214 
231 

228 
250 
270 
289 


219 
239 

258 
277 


78.34  244.8 
83.20  260.0 
87.97  274.9 


4.14 
4.10 
4.06 
4.03 

4.45 
4.41 
4.38 
4.34 

4.76 
4.73 
4.69 
4.65 


5.08 
5.04 
5.00 


316  300  295  285  274 


343  332  320  308 
369  3571344  331 
394  381  367  353 


405  394  382 '370  3.59  347 
437  424  412  399  380  374 
468  4.54;  440  4271413:399 
498  483  468:454  439  424 


479  467 
514  500 
547  532 
580  564 

■| 
560  546 
597  582 
032  617 
668  651 

I 
646  631 


454  441 
4861472 
518  503 
548  532 


429 
459 
488 
516 


416 
445 
473 
501 


297 
319 
340 


264 
285 
306 
326 


.336  324  312 
3()I  348  335 
3S.^.  372 1 358 
409  395  380 


403  390 


431 

459 
485 


417 
444 
469 


378 
404 
429 
453 


.532  518  .504  491  477  463  449  436 
567  .552 '537  523 1 508  493i47S  463 
601  585  569  553,538 


634  617 
616  601 


600  583  566 


522 1 506  490 
550  533  516 


542 1 527 1 5 13 


498 


587  572  557 

685  670Ui.54  638  622  (iOo' 590  574  5.^91.5431527 

724  707  690  673  057  640  623  606  589, 572 1 555 

92.63  1289.514.96  l762  744  726  708  690  672  654  636  619:601  583 
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SQUARE  CAST  IRON  COLUMNS 
Allowable  Loads  in  Thousands  of  Pounds 

By  New  York  Building  Law,  1917 
Weights  do  not  include  details 


Outer 

Thick- 

Width, 

ness, 

Inches 

Inches 

H 

g 

'^ 

M 

% 

% 

7 

?4 

% 

1 

M 

8 

1 

IJ^ 

Vf, 

e 

1 
IV^ 

IJ^ 

1 

10 

IH 

IM 

1^8 

IV^ 

11 

IM 

1^/8 

li/2 

IK 

12 

li^ 
1^^ 

1% 

1»^ 

13 

13/2 

IM 

IH 

14 

IH 
1»4 

IK 

1«/^ 

15 

liJ4 

2 

\% 

16 

1^8 

2 

23^ 

Weight 
Area,    j    per 
Inches^    Foot, 
Pounds 


Least 
Radius, 
Inches 


Effective  Length  of  Column  in  Feet 


8  10  12  14  16 1  18  20  22  24  26  28 


11.00 
13.44 
15.75 
17.94 


34.4 
42.0 
49.2 
56.1 


15.94  49.8 

18.75  58.6 

21.44  63.9 

24.00  75.0 


21.75 
24.94 
28.00 
30.94 


68.0 
77.9 
87.5 
96.7 


27.44  85.8 
32.00  100.0 
35.44!  110.8 
38.75jl21.1 

36.00  112.5 
39.94  124.8 
43.75  136.7 
47.44  148.3 


44.44 
48.75 
52.94 
57.00 


138.9 
152.3 
165.4 
178.1 


53.781 168.1 
58.44:182.6 
63.00;  196.9 
67.44  210.8 

63.941199.8 


69.00 
73.94 

78.75 

75.00 
80.44 
85.75 
90.94 


215.6 
231.1 
246.1 

234.4 
251.4 
267.9 
284.2 


86.94  271.7 

92.75 1 289.8 

98.44  307.6 

104.001325.0 

99.75I3II.7 
105.94  331.1 
112.00  350.0 
117.94  368.6 


2.26  80 

2.21  98 

2.17  114 

2.12  129 


2.62 
2.57 
2.53 
2.48 

2.98 
2.93 
2.89 
2.84 


76 

9^1 

107 

121 


120 
141 
153 
179 

168 
192 
215 
237 


3.34  1215 
3.29  1251 
3.25  277 
3.21  302 

3.70  287 
3.65  '317 
3.61  347 
3.57  376 


4.06 
4.01 
3.97 
3.93 

4.42 
4.37 
4.33 
4.29 

4.78 
4.74 
4.69 
4.65 

5.14 
5.10 
5.05 
5.01 

5.50 
5.46 
5,41 
5.37 

5.86 
5.82 
5.77 
5.73 


358 
392 
425 

457 

437 

475 
511 
547 


114  108  103 
134  127  120 
145  137  130 
170!l60  151 


161 
184 
205 
226 

208 
241 
267 
291 


154 
175 
196 
216 

200 
232 
256 
279 


147 1 140 
167 1 159 
187  178 
205  195 

i 
192  184  176 
223  213  204 
246  235  225 
268  256  244 


277  268  259:249  240 
307  296  286 '275  265 
336  324  312  301  289 
363  3501338  325  312 


347 
380 
412 
443 


3371326  316  305 
369  357 '345  334 
400 !  387  j  374  361 
42914161402  388 


231 
254 

277 
299 

296 
322 
348 
374 


284 
310 
336 
360 


426  414  402  391  379i367  356  344 
4621449  436,423  410139S  385  372 
497  483  469:455  441  427:413,399 
532  5161501  486  471  456  441426 


524  511  498|486|473t460 
565 1 551  5371.5231509  495 
605(590  575 1 560 '544  529 
644  627  611:595  579,562 


619 
663 
707 
749 


605 
648 
690 
731 


722  707 
769  753 
816:799 
862  843 


591 
633 
674 
714 


577 
618 
658 
696 


563i  549 
603!  588 
641  625 
679  662 


4471434421  409 
481  467  453  439 
514!499  484  469 
546  530  514  497 


535 
572 
609 
644 


521  507 
557  542 
593  576 
627  609 


493 
527 
560 
592 


479 
512 
544 
574 


6911676  661  646  631  616  6001585  570 
737  1 72 11704:  688  672:655  6391623  606 
782,764,746;  729  711  ,694,676^659:642 
824  806  787  769  750  731  713694  676 


; 832  816  800|783l767!  751  7341718  702:685 
1884  866  849 1 83 1:814  796  7791761:7441726 
934 1915  896 1878  859  840: 822 :  803 ,785 1766 
1 982 ,  963 1 943 1 923  903  883i  864 !  844  !824 1804 


669 
709 

747 
785 
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FLOORS  AND  FLOOR  LOADS 

Kinds  of  Loads.  Two  kinds  of  loads  are  carried  by  structures. 
Live  loads  consist  of  the  weight  of  carriages,  cranes  or  other  handhng 
devices  and  their  supported  loads,  machinery,  merchandise,  persons 
or  other  moving  objects,  the  support  of  which  is  the  purpose  of  the 
structure,  including  also  wind  stresses.  Dead  loads  consist  of  the 
actual  weight  of  the  structure  itself  with  the  walls,  floors,  partitions, 
roofs,  and  all  other  permanent  construction  and  fixtures.  The 
dead  loads  stress  the  structure  at  all  times  and  it  must,  therefore, 
be  proportioned  to  sustain  them  at  all  times  without  reduction. 
The  live  loads  may  be  taken  at  their  full  values  or  reduced  in 
accordance  with  the  probabilities  that  the  structure  as  a  whole 
or  its  principal  members  will  not  be  subject  at  all  times  to  the  full  f 
theoretical  live  loading. 

Dead  Loads.  The  permanent  load  should  be  calculated  from 
known  weights  per  unit  of  the  material  composing  floors,  partitions, 
walls,  or  other  permanent  construction.  The  weight  assumed  for 
the  steel  frame  itself  should  be  checked  after  the  sections  are 
determined  and  then  the  sizes  readjusted  if  necessary. 

Live  Loads.  Live  loads  vary  with  the  character  of  the  struc- 
tures. In  buildings  thej'  consist  of  uniform  loads  per  square  foot 
of  floor  area,  concentrated  loads,  such  as  heavy  safes,  which  may 
be  applied  at  any  point  of  the  floor,  and  uniform  loads  per  lineal 
foot  of  beams  or  girders.  The  load  which  produces  the  maximum 
bending  moment  or  reaction  is  to  be  used  in  proportioning  sections. 
The  floor  system  between  beams  must  of  course  be  of  sufficient 
strength  to  transmit  any  concentrated  load  to  the  beam. 

In  cities  the  minimum  live  loads  to  be  used  on  the  various  classes 
of  buildings  are  fi.xed  by  public  ordinances,  and  are  given  on  page 
304  for  the  principal  cities  of  the  United  States  in  accordance  with 
the  most  recent  building  laws,  which  are  intended  to  cover  general 
conditions  and  do  not  include  machinery  or  other  concentrations. 
If  such  concentrations,  like  safes,  armatures,  generators,  or  printing 
presses,  occur  on  floors,  special  provision  should  be  made  for  them 
in  the  floor  framing.  Flat  roofs  of  buildings  which  may  be  loaded 
with  people,  should  be  treated  the  same  as  floors  and  the  same 
uniform  live  loads  used  as  given  in  the  table  for  dwelhngs,  hotels 
or  assembly  rooms. 
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FLOORS  AND  ROOFS 

Minimum  Live  Loads,  Pounds  per  Square  Foot 
By  Building  Laws  of  Various  Cities 


Description  of  Building 


Floors  for  Rooms 

Apartments  and  Dwellings. 
Asylums,  Hospitals,  etc..  . 
Detention  Buildings,  etc. . 
Factories : 

Light  manufacture 

Heavier  manufacture. .  . 
Hotels,  Lodging  Houses  .  . 

Office  Buildings,  etc 

Public  Buildings: 

Municipal  Buildings. .  .  . 

Churches 

Libraries,  Museiuns.  . .  . 

Theaters 

Schools,  Colleges,  etc 

Stores,  light  goods 

heavier  goods 

Warehouses 


40 
100 
100 


40 
50 
50 


70 
70 


50   50  ]  70a  60 
50   50c 

50c:  80 


120d  lOOd  120d  lOOd  125d' 
I     loOd  loOd  250d! 
40  I  50   70   50   50c  70 
60   50  I  100   60b  75b'  70b 


100 


75 


100  I  100  i 120 
100 

100  !  100  I  120  100 
75  i  75        75 


50 
70 


40 
40 
60 


125d'  125d  lOOd 

175d  150d 

60       70       40b 

75b!    70       50b 


75c  100 
100  i  80 
100     125 


75 


100 
125   I  100 

200  I 


100 
50 


80 
70 


120     100     120     100     125      100b  125      125 


150     150   I  250 
150     150     250 


Floors  for  Assembly  Halls, etc. 

Auditoriums,  fixed  seats .  .    100  100     120     100 

movable  seats  ,  100  ,  100  i  120     100 

Armories,  Dance  Halls,etc.  i  100  100 

Miscellaneous 

Garages,  ^tables 120  100e| 

Corridors,  Hallways 100  100 

Stairways,  Fire  Escapes .  .  1  100  100 

Sidewalks j  300 

Roofs : 

Flat,  slope  up  to  20°  (Va)  I  40   25   30i 

Steep,  slope  over  20°  (Vs)   30   25   30i 

Wind  Pressure i  301  20  30m 


100 
100 
100 


30 
30 


75  125 
75   70 


175 

250  200 


100  80  75 
100  125  125 
100  150 


ISOel  I50e  100 

75f  70g 

75fi  lOOhl 
250  i  200  I  200 


40   351 

25j   301 

10-20n  20o 


40 
20 
30 


125 
126 
150 


100 
60 
100 
150 
150 


100 
100 
150 


75 


300 


50k,  25 
50k  25 
25   20p 


a  Dwellings,  Qeveland,  60. 

b  First  floors:     St.  Louis,  100;  Boston,  125;  Cleveland,  125;  Baltimore,  150;  Cincinnati,  100. 

c  Public  floors  of  Hospitals,  Hotels.  Public  Buildings,  etc.:    Boston,  100. 

d  Floor  loads  do  not  include  the  weight  or  the  impact  load  of  machinery. 

e  Garages,  private:     Chicago,  40;  Boston,  75;  Garages;  public,  upper  floors:  Cleveland,  100; 

Stables:  Cleveland,  80. 
f  Corridors,  stairways,  etc.,  for  Assembly  Halls,  Armories,  etc.:    Boston,  100. 
g  Except  in  Dwellings  where  floor  loads  are  less. 
h  Stairways,  etc.,  for  Apartment  Houses,  80;  Dwellmgs,  60. 

i  Loads  per  square  foot  of  superficial  roof  area;  other  roof  loads  are  for  the  projected  area, 
i  Loads  mcludo  Wind  Pressure:     10  pounds  up  to  ?3  slope,  15  up  to  Vi  slope,  20  over  ^i  slope. 
k  Dead  and  live  load;  snow  load  25  pounds,  reduced  1  pound  each  degree  between  20°  and  45°. 
1  For  buildings  over  150  feet  high,  or  where  height  is  over  4  times  least  horizontal  dimension. 
m  Wind  pressure  for  high  buildings  in  built-up  districts:     25  pounds  at  tenth  story,  2J2  pounds 

less  for  each  story  below  and  2'  2  pounds  more  for  each  storj-  above,  up  to  35  pounds. 
n  For  buildings  40  feet  high,  10  pounds;  up  to  80  feet,  15  pounds:  over  80  feet,  20  pounds. 
o  Wind  pressure  on  curtain  walls,  30  pounds. 
p  For  buildings  over  100  feet  high,  or  where  height  is  over  3  times  the  average  width  of  base. 
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Reduced  Live  Loads.  Floor  beams  in  buildings  should  be  computed 
to  sustain  floor  by  floor  the  full  live  and  dead  loads.  It  is  not 
probable  that  all  the  floors  will  be  fully  loaded  at  all  times,  and, 
therefore,  good  practice  permits  a  reduction  of  the  theoretical  live 
load  in  the  computations  of  column  sections.  The  New  York  and 
Pittsburgh  building  laws  do  not  permit  any  reduction  on  columns 
supporting  the  roof  and  top  floor.  These  building  laws  permit  for 
buildings  more  than  five  stories  in  height  on  columns  supporting 
each  succeeding  floor  a  reduction  of  5  per  cent  of  the  total  live  floor 
load  until  50  per  cent  is  reached,  which  reduced  load  is  to  be  used 
for  the  columns  supporting  the  remaining  floors.  Pittsburgh  build- 
ing law,  however,  does  not  permit  any  reduction  of  live  floor  loads 
over  150  pounds  per  square  foot  (bulk  storage).  The  Chicago 
building  law  requires  columns  to  sustain  the  full  hve  load  on 
roofs,  85  per  cent  of  the  full  live  floor  load  on  the  top  floor  with  a 
5  per  cent  reduction  on  each  succeeding  floor  down  to  50  per  cent. 

When  the  character  of  the  loading  will  permit,  it  is  also  considered 
good  practice  to  reduce  the  live  load  on  the  main  girders  to  which 
the  primary  supporting  beams  are  framed.  The  amount  of  the 
reduction  will  depend  on  the  probable  distribution  of  the  loads. 

Foundation  Loads.  Footings  should  be  so  designed  that  the  loads 
they  sustain  jjer  unit  of  area  shall  be  as  nearly  uniform  as  possible, 
and  the  dead  loads  carried  by  the  footings  should  include  the  actual 
weight  of  the  superstructure  and  foundations  down  to  the  bottom 
of  the  footing.  The  live  load  should  be  assumed  to  be  the  same  as 
the  hve  load  in  the  lowest  tier  of  columns  or  in  the  footings  under 
walls.  According  to  the  proposed  New  York  building  law,  the 
area  of  the  footing  which  has  the  largest  percentage  of  live  load  to 
total  load  shall  be  determined  by  dividing  the  total  load  by  the 
unit  working  stress.  From  the  area  thus  calculated  all  the  other 
footings  of  the  building  shall  be  proportioned  according  to  the 
ratios  of  their  respective  dead  loads  only.  In  no  case  shall  the 
load  per  square  foot  under  any  portion  of  any  footing  due  to  the 
combined  dead,  live,  and  wind  loads,  exceed  the  safe  sustaining 
power  of  the  soil  upon  which  the  footing  rests. 

Fireproof  Floor  Systems.  A  modem  office  or  mercantile  building 
is  essentially  a  steel  framed  structure  which  supports  the  dead  load 
of  the  building  and  its  contents  and  is  itself  protected  on  all  sides 
by  refractory  materials.  The  floors  are  made  fireproof  by  the  use 
of  terra  cotta  tiles  or  arches  or  of  a  composite  flooring  made  of 
concrete  or  reinforced  concrete.  While  brick  arches  may  still 
be  used  in  special  locations  where  great  floor  strength  is  needed, 
and  concrete  arches  are  sometimes  thrown  between  the  beams, 
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modern  practice  is  limited  substantially  to  the  hollow  tile  arch 
sprung  between  the  beams  and  the  reinforced  concrete  slab  laid 
on  their  tops,  the  ceiling  construction  being  modified  to  suit. 
Each  system  has  advantages  of  its  own. 

Terra  Cotta  Arches.  HoUow  tile  arches  fill  the  total  depth  of  the 
floor  beams,  and,  therefore,  tend  to  stiffen  and  brace  the  building; 
their  weight  per  square  foot  is  light  as  compared  with  other  forms 
of  fireproof  floor  construction  of  equal  strength.  Hollow  terra 
cotta  floor  arches  are  made  either  flat  or  segmental.  The  segmental 
arch  will  develop  much  greater  strength  than  the  flat  arch  of  the 
same  width  and  depth,  and  may  be  designed  to  carry  a  given  load 
with  tile  of  less  depth  than  flat  arches.  They  are,  therefore, 
more  economical,  though  not  always  acceptable  from  the  stand- 
point of  architectural  appearance.  In  office  buildings  the  ceilings 
under  such  arches  are  usually  suspended.  A  correctly  designed 
and  constructed  flat  arch  will  always  develop  the  full  strength  of 
the  steel  beam  which  supports  it. 

When  arch  blocks  are  the  same  depth  as  the  beams,  they  are 
usually  laid  to  project  1}4  inches  below  the  bottom  of  the  beams, 
and  the  space  above  the  arch  is  filled  in  either  with  cinder  concrete, 
in  which  can  be  laid  pipes,  conduits,  and  wooden  nailing  strips 
supporting  wood  flooring,  or  with  thin  terra  cotta  blocks  made  for 
this  purpose,  or  with  a  layer  of  plastic  composition  of  cement, 
which  forms  the  wearing  surface  for  the  floor. 

Thrust  of  Floor  Arches.  All  forms  of  terra  cotta  arches  produce  side 
thrust  on  the  floor  beams.  In  the  flat  arch  the  blocks  have  tapered 
faces  and  the  central  block  or  key  wedges  the  others  together;  in 
the  segmental  arch  the  thrust  is  that  due  to  all  arch  action.  These 
thrusts  it  is  found  necessary  to  counterbalance  by  means  of  tie  rods 
which  connect  the  floor  beams  and  relieve  them  from  the  tendency 
to  deflect  sidewise.  In  the  central  bays,  owing  to  the  action  of 
adjacent  arches,  the  tie  rods  are  sometimes  omitted,  but  it  is 
necessary  to  investigate  outer  beams  and  channels  around  openings 
for  additional  thrust  stresses  so  that  the  combined  fiber  stresses 
produced  by  vertical  loading  and  horizontal  thrusts  may  not  be 
excessive.  With  flat  arches  ^^  inch  tie  rods  spaced  apart  not  over 
fifteen  times  the  width  of  the  beam  flanges  will  usually  be  sufficient. 
The  total  thrust  of  arch,  the  net  area  of  tie  rods  required,  the  maxi- 
mum distance  between  tie  rods  and  the  section  of  outer  beams  for 
any  condition,  may  be  found  as  follows: 


306 


FLOOR    CONSTRUCTION 


Let 

w  =  unit  load  on  arch,  in  pounds  per  square  foot. 

D  =  distance  of  arch  span,  in  feet. 

L  =  length  of  floor  beam  supp&rting  the  arch,  in  feet. 

R  =  effective  rise  of  arch,  in  inches, 

p  =  thrust  of  arch  per  lineal  foot,  in  pounds. 

P  =  total  thrust  of  arch  per  panel,  in  pounds. 

A  =  total  net  area  oi  tie  rods  per  panel,  in  square  inches, 

a  =  net  area  of  one  tie  rod,  in  square  inches. 

T  =  spacing  of  tie  rods,  center  to  center,  in  feet, 

f  =  allowable  combined  fiber  stress,  in  pounds  per  sq.  inch. 

Si-i  =  Section  Modulus  of  beam,  axis  1-1,  in  inches^. 

S2-2  =  Section  Modulus  of  beam,  axis  2-2,  in  inches^. 
Mi-i  =  Bending  Moment  for  vertical  loading,  in  inch  pounds. 
M2.2=  Bending  Moment  for  arch  thrust,  in  inch  pounds;  then- 

P  =  -^;p-  P  =  pL 


A 
T 

M 


2R 

■3wD2L  _       P. 

2fR  "       f 
2afR  af 


3wD2  p 

12L  (1/2WDL)  3wD  L2 


4 


f 


t2 

Mi.i     I     M2-2 

Si-i    "^    S2-2 


"^  In  formula  given  for  M2.2,  the  beam  is  considered  continuous, 
supported  at  intervals  by  the  tie  rods.  In  segmental  arches  the 
effective  rise  is  equal  to  the  vertical  distance  between  highest  point 
of  concave  surface  and  springing  line  or  chord;  the  effective  rise  of 
a  flat  arch  may  be  taken  at  2.4  inches  less  than  the  arch  depth. 

The  allowable  combined  fiber  stress  in  tic  rods  should  not  exceed 
16,000  pounds,  and  tie  rods  should  be  placed  in  line  of  thrust,  usually 
3  inches  above  the  bottom  of  the  beam. 

The  net  areas  of  usual  sizes  of  tie  rods  are  as  follows : — 


Diameter  of  Rod,  Inches 


Va 


Net  area,  a,  square  inches I     0.202  0.302  0.420  0.550 
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Example. — A  floor  panel  18  feet  by  6  feet, of  12  inch  flat  terra  cotta  blocks, 
is  to  support  a  uniform  live  and  dead  load  of  150  pounds  per  square  foot. 
Required  the  total  tlu-ust,  total  area  of  rods  per  panel,  maximum  spacing 
of  rods,  and  the  proper  size  beam  to  carry  one-half  of  the  panel  without  other 
lateral  support  than  the  tie  rods. 

Entire  panel  load  is  18x6x150=16,200  pounds.  Assuming  a  beam,  12  inch 
31.8  pounds,  and  5'4-i'ich  tie  rods,  then — 


Thrust  of  arch  per  lineal  foot,  p        = 

Total  thrust  of  arch,  P        = 

Total  area  of  tie  rods,  A        = 

Maximum  spacing  of  tie  rods,  T        = 

Bending  Moment,  vertical  loading,  Mi-i  = 
Bending  Moment,  horizontal  thrust,  M2.2  = 
Combined  fiber  stress  in  tie  rods,  f  = 
If  tie  rods  are  spaced  6'-0"  centers,  then  = 
Bending  Moment,  horizontal  thrust,  M2-2  = 
Combined  fiber  stress  in  tie  rods       f 


3x150x6- 

2(12 — 2.4)' 

844x18 

15,200 

16,000 

0.302x16.000 

844 

3x150x6x18^ 

4 

844x5.752 

218,700  ,  27,900 


36.0 


3.8 


844x6- 

218.700  I  30,400 

36.0      I      3.81 


=  844  pounds. 
=  15,200  pounds. 
=  0.95  sq.  inches. 
=  5.75  feet. 
=  218,700  in.  lbs. 
=  27,900  in.  lbs. 
=  13,420  Ibs./in. 2 

=    30,400  in.  lbs. 
14,080  lbs./in.2 


MAXIMUM  SPACING  OF  y^  INCH  TIE  RODS, 
Loads  of  100  Pounds  per  Square  Foot 


Span, 

Effective  Rise  of  Arcli,  R,  in  Inches 

[ 

Feet 

4 

5 

6 

7 

8 

9 

10     1     11 

12 

13 

14 

15 

3 

14.3 

4 

8.1 

10.1 

12.1 

14.1 

5 

5.2 

6.4 

7.7 

9.0 

10.3 

11.6 

12.9 

14.2 

6 

3.6 

4.5 

5.4 

6.3 

7.2 

8.1 

8.9 

9.8 

10.7 

11.6 

12.5 

13.4 

7 

3.3 

3.9 

4.6 

5.3 

.5.9 

6.6 

7.2 

7.9 

8.5 

9.2 

9.9 

8 

3.0 

3.5 

4.0 

4.5 

5.0 

5.5 

6.0 

6.5 

7.0 

7.6 

9 

3.2 

3.6 

4.0 

4.4 

4.8 

5.2 

5.6 

6.0 

10 

3.2 

3.5 

3.9 

4.2 

4.5 

4.8 

For  any  other  loading,  multiply  tabular  values  by  100  and  divide 
by  total  new  load  per  square  foot. 

The  tables  which  follow  give  the  weights  per  square  foot  for  terra 
cotta  arches,  both  flat  and  segmental,  of  various  depths,  their  area 
in  square  inches,  and  the  safe  loads  they  will  sustain  on  various 
spans.  These  tables  should  be  used  as  a  general  guide  only,  as 
conditions  may  make  it  possible  to  design  more  economical  arches 
for  a  given  load  than  indicated  by  the  tables.  Where  a  paneled 
ceiling  is  not  objectionable,  for  example,  a  shallow  arch  may  be  used 
on  raised  skewba,oks  with  a  considerable  economy  in  material. 
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FLAT  TERRA  COTTA  ARCHES 

manufacturers'   standard 

Safe  Loads  in  Pounds  per  Square  Foot 
Factor  of  Safety  =  7 


Depth  of  Arch  Blocks,  Inches 

Span 
of 

6 

7 

8       9       10 

12 

15 

Arch, 

Area  of  Arch  Blocks,  Square  Inches 

31 

34 

37    j    40    1    43 

49 

58 

3-0 

458 

588 

735 

901   i   1084 

1487 

2210 

3-3 

386 

496 

622 

763 

916 

1262 

1877 

3-6 

330 

424 

531 

653 

785 

1083 

1612 

3-9 

284 

365 

459 

565 

679 

938 

1398 

4-0 

247 

318 

399   1   493 

593 

820 

1223 

4-3 

216 

278 

350   I   433 

521 

722 

1079 

4-6 

190 

245 

309     382 

461 

640 

951 

4-9 

168 

217 

274     340 

410 

571 

855 

5-0 

149 

193 

244      304 

367 

511 

767 

5-3 

172 

218   ,   272 

330 

460 

691 

5-6 

154 

196 

245 

297 

416 

626 

5-9 

139 

176 

222      269 

378 

569 

6-0 

159 

201      244 

344 

518 

6-3 

144 

183      222 

314 

474 

6-6 

131 

166      203 

287 

435 

6-9 

152      186 

264 

400 

7-0 

139 

170 

243 

369 

7-6 

144 

20G 

315 

8-0  , 

177 

272 

8-6 

153 

236 

9-0 

132 

205 

9-6 

180 

10-0 

158 

This  table  and  the  two  following  are  employed  in  computing  the 
safe  loads  of  floor  arches  of  hollow  terra  cotta  blocks.  The  area 
given  is  that  of  a  cross  section  at  right  angles  to  the  webs,  and, 
generally,  end-construction  blocks  of  various  shapes  but  of  the  same 
depth  and  cross-sectional  area  have  equal  strength. 

The  weight  of  the  terra  cotta  arch  has  been  deducted  from  the 
safe  load  given  in  the  tables,  so  that  only  the  dead  load  of  the 
concrete  fill,  plastering,  etc.,  must  be  deducted  to  obtain  the  net 
safe  live  load  for  any  arch  and  span  ;  blocks  of  different  areas  and 
for  other  factors  of  safety  are  calculated  as  follows: 

Example. — Required  the  load  per  square  foot  for  a  5'-6"  span  and  8  inch 
arch  blocks  with  three  horizontal  and  four  vertical  webs,  M  inch  thick,  set  in  end 
construction,  cross-section  through  webs  of  blocks  parallel  to  webs  of  beams. 

Sectional  area  of  the  blocks  is  8"xJi"x4+ (12"-4xJ^4")xM"x3=44. 25  sq.  in. 
at  0.06  pounds  per  cu.  in.,  the  weight  is  44.25x12x0.06=32  pounds. 

The  net  safe  load  of  the  8  inch  block  given  in  the  table  is  196  pounds. 
Adding  the  weight  of  the  block,  37x12x0.06^26  pounds,  the  total  safe  load  is 
222  pounds.  The  net  safe  load  for  blocks  with  an  area  of  44.25  sq.  in.  and  a 
safety  factor  of  5  is  (44.25  -t-  37x222x7/5) — 32=340  pounds  per  sq.  ft. 
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SEGMENTAL  TERRA  COTTA 

ARCHES 

manufacturers'   standard 

Safe 

Loads  in  Pounds  per  Square  Foot 

Factor  of 

Safety= 

=7 

Depth  of  Arch  Blocks,  Inches 

Depth  of  Arch  Blocks,  Inches     | 

Span 

of 
Arch, 
Ft.-In. 

Rise 

of 
Arch, 

In. 

4 

6      1      8      1     10 

Span 

of 
Arch, 
Ft.-In. 

Rise 

of 

Arch, 

In. 

4     1     6 

8 

10 

Area  of  Arch  Blocks,  Sq.  Inches 

Area  of  Arch  Blocks,  Sq.  Inches 

, 

28 

36 

43 

47 

28     1     36 

43 

47 

M 

702 

902 

1078 

1178 

H 

366 

471 

563 

615 

1 

920 

1184 

1414 

1545 

1 

482 

621 

741 

810 

IM 

1155 

1485 

1774 

1939 

IH 

602 

774 

925 

1011 

4-0 

1^ 

1353 

1740 

2079 

2272 

7-6 

1V2 

715 

920 

1099 

1201 

IH 

1545 

1986 

2373 

2593 

IM 

815 

1049 

1253 

1369 

2 

1736 

2233 

2667 

2915 

2 

915 

1176 

1405 

1536 

H 

616 

792 

946 

1034 

M 

^341 

439 

525 

573 

1 

812 

1044     1247 

1363 

1 

467 

588 

703 

768 

IM 

1020 

1313     1568 

1713 

IK 

562 

724 

864 

944 

4-6 

1^ 

1196 

1539     1838 

2009 

8-0 

IVi 

668 

859 

1026 

1122 

IM 

1381 

1775    2121 

2318 

IH 

767 

987 

1179 

1288 

2 

1536 

1975 

2359 

2578 

2 

864 

1099 

1312 

1434 

?i 

551 

709 

847 

926 

M 

319 

411 

491 

536 

1 

744 

957 

1143 

1249 

1 

428 

651 

658 

719 

IM 

911 

1172 

1400 

1530 

IM 

527 

678 

810 

885 

5-0 

1^ 

1072 

1379 

1647 

1800 

8-6 

IH 

626 

806 

963 

1062 

IM 

1238 

1592 

1902 

2078 

IM 

719 

926 

1106 

1208 

2 

1379 

1773 

2118 

2315 

2 

807 

1037 

1239 

1354 

H 

499 

641 

766 

837 

H 

300 

386 

461 

504 

1 

672 

864 

1032 

1128 

1 

403 

618 

619 

677 

IM 

826 

1062 

X269 

1387 

IM 

501 

645 

770 

842 

5-6 

IM 

984 

1266 

1'512 

1652 

9-0 

I'A 

690 

768 

906 

990 

IM 

1119 

1439 

1719 

1879 

1% 

677 

871 

1041 

1137 

2 

1258 

1619 

1933 

2113 

2 

769 

977 

1167 

1275 

M 

455 

585  1     699 

764 

u 

283 

364 

435 

475 

1 

612 

788 

941 

1028 

1 

380 

489 

584 

638 

l}€ 

753 

969 

1157 

1265 

IM 

472 

608 

726 

793 

6-0 

IH 

898 

1154 

1379 

1507 

9-6 

\y2 

561 

721 

862 

942 

1^ 

1022 

1315 

1570 

1716 

IH 

639 

823 

983 

1074 

2 

1148 

1476 

1763 

1927 

2 

717 

923 

1102 

1204 

Ji 

428 

651 

658 

719 

H 

267 

344 

411 

449 

1 

562 

724 

864 

944 

1 

359 

462 

552 

603 

IM 

701 

902 

1077 

1177 

IM 

447 

676 

688 

751 

6-6 

IM 

823 

1058 

1264 

1382 

10-0 

iy2 

531 

683 

816 

892 

IJ^ 

947 

1218 

1455 

1590 

IM 

610 

784 

937 

1024 

2 

1055 

1358 

1622 

1772 

2 

683 

879 

1050 

1147 

M 

394 

508 

606 

662 

H 

251 

330 

394 

429 

1 

520 

669 

799 

873 

1 

342 

442 

528 

577 

1  H 

648 

834 

996 

1089 

iM 

426 

547 

656 

717 

7-0 

I '4 

762 

981 

1171 

12S0 

10-6 

IK 

504 

646 

776 

849 

\% 

876 

1127 

1346 

1471 

IH 

581 

749 

891 

974 

2 

983 

1264  1 1510 

1650 

2 

650  1     837 

1000 

1092 
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SEGMENTAL  TERRA  COTTA  ARCHES- 

-Concluded 

Span 

Rise 

Depth  of  Arch  Blocks,  Inches 

Depth  of  Arch  Blocks,  Inches 

„     .     opan    1  nise 

of 
.4reh, 
Ft.-In. 

of 

Arch, 

In. 

4 

6 

8 

10 

of      1     of 

4 

6 

8      1     10 

Area  of  Arch  Blocks,  Sq.  Inches 

Arch, 
Ft.-In. 

Arch, 
In. 

Area  of  Arch  Blocks,  Sq.  Inches 

28 

36 

43 

47 

28 

36 

43 

47 

M 

244 

315 

376 

411 

M 

151 

194 

232 

254 

1 

327 

421 

503 

550 

1 

205 

265 

316 

345 

IH 

404 

519 

621 

678 

IM 

256 

330 

394 

430 

11-0 

IH 

479 

017 

737 

805 

17-0 

IV2 

304 

392 

468 

512 

IH 

551 

709 

847 

925 

IH 

351 

452 

540 

590 

2 

617 

794 

948 

1036 

2 

393 

506 

605 

661 

H 

233 

299 

358 

391 

M 

141 

182 

218 

238 

I 

312 

401 

480 

524 

1 

192 

248 

296 

324 

1% 

388 

499 

596 

652 

IM 

240 

310 

370 

404 

11-6 

I'A 

460 

592 

707 

773 

18-0 

IH 

287 

370 

442 

482 

IM 

528 

680 

812 

887 

IM 

330 

425 

507 

554 

2 

591 

761 

909 

993 

2 

371 

477 

570 

623 

H 

222 

285 

341 

372 

M 

134 

173 

206 

225 

1 

297 

383 

458 

500 

1 

181 

233 

279 

304 

IH 

370 

477 

569 

622 

IJi 

227 

293 

350 

382 

12-0 

I'A 

439 

566 

676 

738 

19-0 

IH 

271 

348 

416 

455 

IH 

505 

649 

776 

848 

\% 

312 

402 

4S0 

524 

2 

565 

727 

869 

949 

2 

351 

451 

539 

589 

H 

212 

273 

326 

356 

% 

126 

163 

194 

212 

1 

284 

366 

437 

478 

1 

172 

221 

265 

289 

IM 

354 

456 

545 

595 

1J€ 

215 

277 

331 

361 

12-6 

I'A 

420 

541 

646 

706 

20-0 

13^ 

257 

330 

395 

431 

IH 

483 

621 

742 

811 

IM 

296 

381 

455 

497 

2 

541 

696 

832 

909 

2 

332 

427 

510 

558 

« 

203 

261 

312 

341  I 

% 

119 

153 

183 

200 

1 

272 

351 

419 

458  1 

1 

163 

209 

250 

273 

IJi 

339 

437 

522 

570! 

IM 

205 

263 

315 

344 

13-0 

IH 

403 

519 

620 

677' 

21-0 

iVi 

243 

314 

375 

409 

IH 

463 

596 

712 

778' 

IM 

281 

361 

4.32 

472 

2 

521 

670 

801 

875, 

2 

315 

406 

485 

530 

M 

186 

240 

287 

313' 

M 

113 

145 

174 

190 

1 

253 

326 

390 

426 

1 

154 

199 

237 

259 

1^ 

315 

406 

485 

530 

1J€ 

194 

2.50 

298 

326 

14-0 

IH 

374 

482 

575 

029 

22-0 

^■V2 

232 

299 

357 

399 

l?i 

430 

553 

661 

722 

iM 

268 

344 

412 

450 

2 

481 

619 

740 

808 

2 

301 

377 

462 

505 

M 

174 

225 

268 

293 

H 

108 

139 

166 

181 

1 

234 

302 

361 

394 

1 

147 

190 

227 

247 

IM 

292 

377 

450 

491  1 

iJi 

185 

238 

284 

310 

15-0 

IJ^ 

347 

447 

534 

583 

23-0 

IH 

221 

284 

340 

371 

IM 

401 

515 

616 

673 

IM 

255 

328 

392 

428 

2 

449 

577 

690 

754 

2 

286 

369 

440 

481 

?i 

162 

209 

249 

272 

M 

102 

132 

157 

172 

1 

218 

281 

336 

367 

1 

140 

181 

216 

236 

IH 

274 

353 

421 

460 

1J4: 

177 

227 

272 

297 

16-0 

lA 

325 

419 

500 

546 

24-0 

I'A 

211 

272 

325 

355 

IM 

374 

481 

575 

628 

IM 

244 

314 

375 

410 

2 

420 

540 

645 

705. 

2 

274 

353 

421 

460 
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TERRA  COTTA  ARCHES 

For 

Floor  Load  of  150  Pounds  per  Square  Foot 


Depth 

of 
Beam, 
Inches 


,0 


as 


9 
10 

9 
10 
12 
10 
12 
12 
15 
15 


Depth 

Depth 

Span 

of  Arch 

of 

of 

Blocks, 

Floor, 

Arch, 

Inches 

Inches 

Feet 

6 

11 

5^ 

6 

12 

5H 

6 

13 

5H 

7 

12 

6 

7 

13 

6 

7 

14 

6 

8 

13 

6H 

8 

14 

6^ 

8 

15 

6y2 

9 

14 

TYi 

9 

15 

TVi 

9 

17 

7H 

10 

15 

8 

10 

17 

8 

12 

17 

9J^ 

12 

20 

9J^ 

15 

20 

11 

Approx,  Weight,  Lbs,  per  Sq.  Ft. 


S3  "o 
HO 


a 

6 

1 

30 

4 

5 

38 

4 

5 

45 

4 

5 

30 

4 

5 

38 

4 

5 

45 

4 

5 

30 

4 

5 

38 

4 

5 

45 

4 

5 

30 

4 

5 

38 

4 

5 

53 

4 

5 

30 

4 

5 

45 

4 

5 

30 

4 

5 

53 

4 

5 

30 

4 

5 

For  flat  arches  on  raised  skews,  where  the  top  of  the  arch  is  level  with  the  top  of  the  floor  beam, 
deduct  about  7  pounds  per  inch  of  difference  between  the  height  of  the  floor  beam  and  the  arch. 


iTT 

Depth 

Depth 

Rise 

Span 

Approx.  Weight,  Lbs.  per  Sq.  Ft, 

a 

of 

of  Arch 

of 

of 

^ 

It 

!  i!  ! 

Beam, 

Blocks, 

Arch, 

Arch, 

_ 

f  f? 

g 

.S 

ffi 

Inches 

Inches 

Inches 

Feet 

^ 

ft-S 

M 

0 

•2  a 

m 

HU 

U 

[x< 

0 

H 

n 

6 

7 

4 
4 

1 

4}^ 
5 

7 
7 

20 
20 

27 
28 

4 
4 

5 
5 

63 
64 

« 

3" 

8 

4 

IM 

53^ 

7 

20 

29 

4 

5 

65 

< 

■JS'S 

9 

4 

IH 

6 

8 

20 

30 

4 

5 

67 

h3 

0^ 

8 
9 

6 

6 

1 

5 

5M 

8 
8 

26 
26 

27 
28 

4 

4 

5 
6 

70 
71 

y, 

u^ 

10 

6 

1^ 

6 

9 

26 

29 

4 

5 

73 

H 

0  rt 

12 

6 

iJ-^ 

6>^ 

9 

26 

30 

4 

5 

74 

•a^ 

10 

8 

M 

5>^ 

9 

31 

27 

4 

5 

76 

0 

12 

8 

1 

6 

9 

31 

28 

4 

5 

77 

m 

iuw 

12 

8 

IM 

6H 

10 

31 

29 

4 

5 

79 

•^r.\vM 

15 

8 

IJ^ 

7 

10 

31 

30 

4 

5 

80 

0 

12 

10 

M 

5?€ 

10 

34 

27 

4 

5 

80 

H 

12 

10 

1 

6J^ 

11 

34 

28 

4 

5 

82 

15 

10 

IM 

7 

11 

34 

29 

4 

5 

83 

15 

10 

U^ 

7H 

12 

34 

30 

4 

5 

85 

TERRA  COTTA  PARTITION,  CEILING,  ROOFING  AND 
FURRING  BLOCKS 


Thick- 

Approx, Weight,  Pounds  per  Sq,  Foot 

Thick- 
ness, 
Inches 

Approx.  Weight,  Pounds  per  Sq.  Foot 

ness, 
Inches 

Partition 

Ceiling 

Roofing 

Furring 

Partition 

Ceiling 

Roofing 

Furring 

2 
3 

12-14 
15-17 

12 
20 

20 

9 
10 

4 
5 
6 

16-18 
18-20 
24-26 

22 
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REINFORCED  CONCRETE  BEAMS  AND  FLOOR  SLABS 

For  a  complete  mathematical  analysis  of  the  stresses  occuring  in 
reinforced  concrete  structures,  reference  may  be  made  to  standard 
text  books  on  the  theory  and  practice  of  reinforced  concrete. 

Girders  and  Floor  Beams.  The  arrangement  of  girders  and  floor 
beams  follows  the  same  principles  as  in  structural  steel  construction. 
On  short  spans  floor  cross  beams  may  be  omitted  or  used  only  at 
columns  to  secure  lateral  stiffness.  Beams  are  usually  designed  as 
tee  beams,  and  thereby  a  part  of  the  floor  slab  is  utilized  as  a  part 
of  the  beam.  The  width  of  the  slab  thus  considered  to  act  as  part 
of  the  beam  should  not  exceed  one-fourth  of  the  span  length,  and 
the  overhanging  w'idth  on  either  side  of  the  web  should  not  be  over 
six  times  the  thickness  of  the  slab. 

Floor  Slabs.  Reinforcement  may  be  of  small  rods,  wires  or  metal 
fabric,  the  latter  especially  on  short  spans.  Cross  reinforcement  of 
small  rods  or  wires  about  two  feet  apart  laid  parallel  to  the  beam 
supporting  the  slab  should  be  used  to  prevent  cracks,  shrinkage, 
etc.  If  the  length  of  the  slab  exceeds  IJ^  times  its  width,  the 
entire  load  should  be  carried  by  transverse  reinforcement.  For 
rectangular  slabs,  the  length  of  which  does  not  exceed  1  ]/2  times  the 
width  and  which  are  supported  on  four  sides  and  reinforced  in  both 
directions,  the  proportion  of  the  load  is  determined  by  the 
formula:  R^l/b — 0.5,  where  R  is  the  ratio  of  the  load,  1  the  length 
and  b  the  width  of  the  slab.  An  effective  bond  should  be  provided 
at  the  junction  of  beam  and  slab,  and  if  the  principal  reinforce- 
ment of  the  slab  is  parallel  to  the  beam,  transverse  reinforcement 
should  be  used  extending  over  the  beam  and  well  into  the  slab. 

Spacing  of  Reinforcing  Bars.  The  lateral  Spacing  of  parallel  bars 
should  not  be  less  than  3  diameters,  nor  should  the  clear  vertical 
space  between  layers  of  bars  be  less  than  1  inch;  distance  from 
edge  or  side  of  beam  or  slab  should  not  be  less  than  2  diameters. 

Shear  or  Web  Reinforcement.  In  the  calculation  of  web  reinforcement, 
concrete  may  be  assumed  to  carry  3^  of  the  total  shear;  the 
remaining  2^  to  be  taken  by  additional  reinforcement  arranged  in 
intervals  equal  to  the  depth  of  the  beam.  The  usual  method  of 
reinforcing  beams  against  failure  by  diagonal  tension  or  shear  is 
to  use  bent  rods  or  stirrups  in  either  vertical  or  inclined  position. 
The  longitudinal  spacing  of  such  rods  or  stirrups  should  not  exceed 
^  of  depth  of  beam  if  inclined,  and  Yi  of  depth  if  vertical. 

Formulas.  The  following  formulas  are  those  given  by  the 
Committee  of  the  American  Society  of  Civil  Engineers  on  Concrete 
and  Reinforced  Concrete  (Transactions,  Vol.  LXXXI— No.  1398,  December.  1917.) 
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Reinforced  Concrete  Beams — Notation 

Rectangrular  Beams,  Reinforcement  for  Tension  only. 

fg    ^Tensile  unit  stress  in  steel,  in  pounds  per  sq.  inch. 

fc    =Compressive  unit  stress  in  concrete,  in  pounds  per  sq.  inch. 

Eg  =Modulus  of  elasticity  of  steel,  in  pounds  per  sq.  inch. 

Ec  =Modulus  of  elasticity  of  concrete,  in  pounds  per  sq.  inch. 

n     =Elasticity  ratio,  Es-^Ec. 

M   =Bendiiig  moment  or  Moment  of  Resistance,  in  inch  pounds. 

Ms  ^Moment  of  resistance  of  steel,  in  inch  pounds. 

Mc^Moment  of  resistance  of  concrete,  in  inch  pounds. 

Ag  =Area  of  steel  in  tension,  in  square  inches. 

b     =Width  of  beam,  in  inches. 

d     =Depth  of  beam  to  center  of  steel  in  tension,  in  inches. 

k     ^Ratio  of  depth  of  neutral  axis  to  effective  depth,  d. 

j      =Ratio  of  lever  arm  of  resisting  couple  to  depth,  d. 

z     =Distance,  from  top  to  resultant  of  compression,  in  inches. 

jd   =Arm  of  resisting  couple,  in  inches=d — z. 

p     =Ratio  of  areas,  steel  in  tension  to  rectangle,  bd,=A-^bd. 

kd  =Distance  from  top  of  beam  to  neutral  axis,  in  inches. 

Tee  Beams,  Reinforced  for  Tension  only. 

b     =Width  of  flange,  in  inches. 

b''    =Width  of  stem,  in  inches. 

t     ^Thickness  of  flange,  in  inches. 

Rectangular  Beams,  Reinforced  for  Tension  and  Compression. 

A^  =Area  of  steel  in  compression,  in  square  inches. 

p'  ^Ratio  of  areaSjSteel  incompression  to  rectangle, bd,=A'-f-bd. 

f'  =  Compressive  unit  stress  in  steel,  in  pounds  per  sq.  inch. 

C  =Total  compressive  stress  in  concrete,  in  pounds  per  sq.inch. 

C^  =Total  compressive  stress  in  steel,  in  pounds  per  sq.  inch. 

d^  ^Depth  to  center  of  steel  in  compression,  in  inches. 

z  =Depth  to  resultant  of  C+C^,  in  inches. 

Shear  and  Bond. 

V  =Total  shear,  in  pounds. 

V''  =Total  Shear  producing  stress  in  reinforcement,  in  pounds,=%V. 

V  ^Shearing  unit  stress,  in  pounds  per  sq.  inch. 

u    =Bond  stress  per  unit  surface  of  bar,  in  pounds  per  sq.  inch. 
2o  =Sum  of  perimeters  of  tension  bars,  in  inches. 
T    =Total  stress  in  single  reinforcing  member,  in  pounds, 
s     ^Horizontal  spacing  of  reinforcing  members,  in  inches. 
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REINFORCED  CONCRETE  BEAMS— FORMULAS 

Rectangrular  Beams,  Reinforced  for  Tension  only. 


fc-»i 


kd  =:d(^/2pn+(pn)-  -pn) 


z     =i.kd 

M  =fsAsJd     =^ 

M  =  ifckjbd^ 

's    -    AJd     - 


jd=d(l-Jk) 
fgPJbd^ 

M 


2M 
jkbd2 


pjbd2 

2pfs 

k 


Balanced   Reinforcement:  -r— 

Steel  ratio,  p  =    2    s 


[sTc^ 


bd«  = 


M 


M 


fgpj        ITFEj 


Tee  Beams.  Reinfored  for  Tension  only. 


'J 

tjkil^ 

^^ 

1  , 

^ 

—* 

'■  y 

1              A 

t          / 

T 

•x:^: 

' 

-i     kd 


2ndAs  +  bt2 
''  2nA«.  +  2bt 


M=fsAsJd 

fr-bt  (kd-Jt)jd 


Neutral  axis  in  flange — 

1      (use  formulas  for  rectangular  beams.) 

Neutral  ajds  in  stem — 

t(3kd— 2t)        -•,,  _  (^„. 
^      =   3(2kd-t)         J'l-(d-2) 

^^    "  Agjd       ~  k 

f     _  Mkd  fgk 


ud  '^  bt(kd-U)jd  —  n(l-k) 

Rectangular  Beams,  Reinforced  for  Tension  and  Compression. 


kd  =  d  [\|2n(p+p'  j)  +n2  (p+p')^  -n(p+p')] 
ik3d+2p'nd'(k-g-) 


3d=(d-z) 


k2+2p'n(k- 


3-^ 


fs    = 
f, 


M 
pjbd2 

nfc(k-^) 


_        nlc(l-k) 
~        E 


6M 


bd=[3k-k.+^(k-^)(l-4')] 


Shear  and  Bond. 

Rectangular  Beams 


T  Beams 


V    = 

V 


.V's 
jd' 


V 
bjd 

-^       T  =  Ij       u=-^ 
b'jd  jd  jdSo 

If  reinforcing  bars  are  bent  upat  angles  between  20°and46'',and  web  members  inclined  at45°, 

X       8V-S 
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The  formulas  are  based  upon  the  following  assumptions: 

1.  The  appUed  forces  are  perpendicular  to  the  neutral  plane. 

2.  The  deformation  of  any  fiber  is  proportional  to  its  distance 
from  the  neutral  axis. 

3.  The  resisting  moment  of  the  beam  is  the  sum  of  the  moments 
above  the  neutral  axis,  due  to  the  concrete  area  in  compression, 
and  of  those  below  the  neutral  axis,  due  to  the  steel  area  in  tension. 

4.  The  tensile  strength  of  the  concrete  is  negUgible. 

Bending  Moments.     If  slabs  and  girders  are  reinforced  over  supports 
to  take  care  of  negative  bending  moments,  they  act  as  continuous 
beams,  and  the  bending  moment  at  the  center  of  the  span  will  be 
reduced.     It  is  considered  good  practice  to  use  the  following  values : 
Floor  slabs,  M  at  center  and  at  supports==T2  wP. 
Beams,  M   at  center  and   at  supports=T^o  wP  for  interior 

spans,  and  -jo  wl^  for  end  spans. 

If  beams  are  freely  supported  at  ends,  M=i  wl-. 
Columns.     Columns  may  be  reinforced  by  means  of  longitudinal 
bars,  by  bands  or  hoops,  or  by  both.     The  general  effect  of  the 
banding  or  hooping  is  to  permit  the  use  of  somewhat  higher  working 
stresses;  the  values  of  As  and  p  given  in  the  formula  which  follows, 
refer  to  longitudinal  steel  reinforcement  only: 
p  :=total  load  on  columns,  in  pounds. 
A  =total  area  of  column  section,  in  square  inches. 
Ac=area  of  concrete,  in  square  inches. 
As=area  of  steel,  in  square  inches. 
p   =ratio  of  steel  area  to  total  section,  As  ^  A. 
fc  =unit  compressive  stress  in  concrete,  in  pounds  per  sq.  inch: 

P  =fc(Ac+nAs)=fcA[l  +  (n-l)p].'  fc=^pqr^ri)^. 

Working  Stresses.  The  following  working  stresses  are  in  current  use 
for  reinforcing  bars  of  medium  structural  steel  and  good  Portland 
cement  and  gravel  concrete  of  a  1:2:4  mixture: 

fc=unit  compressive  stress  of  concrete 6501b.  sq.  in. 

fv^unit    shearing  stress   of    concrete, 

straight  hoi'izontal  reinforcement  ..  .  40" 

special  shear  reinforcement 90  to  120  " 

fii=unit  bond  stress   of  concrete,  smooth 

rods  and  deformed  bars 80  to  100  " 

fs  =unit  tensile  stress  of  steel 16,000  " 

rod  reinforcement 16,000  " 

wire  reinforcement 20,000 

fk^unit  compressive  stress  of  steel 16,000  " 

n  =Es-^En=15. 
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Substituting  in  the  formulas  given  for  rectangular  beams,  reinforced 
for  ten.-^ion  only,  the  values  for  fc=6o0,  fs=16,000  and  20,000.  and 
n=15,  tlie  following  constants  are  obtained  for  equal  moment.s  of 
resistance  Mc=Ms- 


Notation 

fc=650 

Notation 

fc= 

=650 

fs=16.000 

f8=20,000 

fs=16.000 

f8=20,000 

P 
k 
j 

0.00769 
0.37864 
0.87379 

0.00533 
0.32773 
0.89076 

PJ 

f8PJ=l-'2fckj 

0.00672 
0.33085 
107.526 

0.00474 
0.29193 
94.877 

For  approximate  calculations,  the  arm  of  the  resisting  couple,  jd,  may  be 
taken  at  0.9d,  and  ordinarily  accepted  working  stresses  of  16,000  for  steel 
and  650  for  concrete  will  not  be  exceeded  if  the  steel  ratio,  p,  does  not 
exceed  0.008. 

Explanation  of  Tables.  Reinforced  Concrete  Slabs:  The  tables 
given  on  page  318  are  based  upon  the  preceding  formulas  for  rect- 
angular beams  reinforced  for  tension  only,  and  upon  fiber  stresses  of 
650  pounds  per  square  inch  for  concrete,  16,000  pounds  for  steel  bar  or 
rod  reinforcement,  20,000  pounds  for  steel  wire  reinforcement,  and 
for  an  elasticity  ratio  of  n^lo. 

The  bending  moments  are  given  in  foot  pounds  per  foot  of  width; 
below  and  to  the  left  of  the  zigzag  lines  the  values  are  determined 
by  the  maximum  allowable  fiber  stress  on  steel;  above  and  to  the 
right  they  are  determined  by  the  maximum  allowable  stresses  in 
concrete. 

The  first  column  gives  the  total  thickness  of  the  slab,  the  sec- 
ond, the  distance  from  the  center  of  the  steel  to  the  bottom  of  the 
slab,  and  the  third  the  approximate  weight  of  concrete  slabs  one 
foot  square. 

Example. — Required  the  reinforcement  for  a  slab  continuous  at  four  sides 
and  5  inches  thick  to  carry  a  superimposed  load  of  1.50  pounds  per  square  foot 
over  a  clear  span  of  8  feet. 

Assiuning  the  weight  of  the  concrete  slab  in  pounds  at  twelve  times  the 
thickness  of  the  slab  in  inches,  then  the  weight  of  the  slab  per  foot  is  12x5=00 
pounds,  and  the  total  weight,  W,  for  a  span  of  S  feet  is  (60+150)x8^1680 
pounds. 

M=WLh-  12=1680x8--  12=1120  foot-pounds. 

If  medium  structural  steel  bars  or  rods  are  \ised,  the  required  area,  by 
the  upper  table,  page  318,  is,  by  interpolation,  0.235  square  inches,  and  the 
sizes  may  be  taken  from  page  106. 

If  triangle  mesh  is  used,  the  steel  area  required  by  lower  table,  page  318, 
computed  for  a  5  inch  slab,  is,  by  interpolation,  0.188  square  inches,  requiring 
by  table,  page  319,  triangle  mesh  style  number  208. 
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REINFORCED  CONCRETE  SLABS 
Bending  Moments  in  Foot  Pounds  per  Foot  of  Width 

Allowable  Fiber  Stress:  Steel,  16,000  and  Concrete,  650  Pounds  per  Sq.  Inch 


Slab 

of  1S( 

(5  =8' 

J.  Ft. 

i| 
II 

Area  of  Steel  Reinforcemeni 

inSq 

uare  Inches 

per  Foot  of  Width 

-S-g 

.10 

.20 

.30   .40 

.50 

.60 

.70 

.80 

.» 

1.00 

1.10 

1.25 

1.50 

2V9. 

5^ 

?€ 
1 
1 
1 

1 

1 

IH 

IM 

IM 

1^2 
1>^ 
IM 

IM 
IM 
2 

30 
36 
42 
48 
54 
60 
66 
72 
78 
84 
90 
96 
102 
lOS 
114 
120 
126 
132 
138 
144 

209 
272 
335 
398 
461 
497 
558 
621 
686 
751 
783 

353 

599 

858 
1135 

1245 

1584 
1766 

1894 
2312 
2760 

2922 
3431 
3974 
4254 

4173 
4465 
5097 
5734 
6069 

5309 
5982 
6338 
7063 
7826 

5494 
6206 
6574 
7330 
8120 
8525 
9359 

5674 
6410 

6790 
7575 
8392 
8817 
9681 
10575 
11037 

9079 
9972 
10898 
11376 

9432 
10369 
11337 
11858 

3 

3^ 
i 

525 
650 
775 
900 
961 
1087 
1213 
1340 
1466 
1531 
1658 
1785 
1849 
1977 
2104 

4H 
5 

1235 
1412 
1600 
1787 
1975 
2162 
2257 
2446 
2634 
2730 
2919 
3109 
3205 
3395 
3586 
3681 

5}4 
6 

2101 
2349 
2596 
2844 
2969 
3218 
3467 
3594 
3845 
4096 
4222 
4475 
4726 
4852 

V 

7 
IVf. 

3205 
3515 
3669 
3977 
4288 
4444 
4757 
5068 
5224 
5537 
5850 
6007 

8 

8H 

9 

4728 
5099 
5283 
5656 
6027 
6213 
6588 
6960 
7148 

10 

6543 
6974 

lOM 

11 

7192 
7625 
8058 
8276 

8163 
8652 

9939 
10936 

IIM 

12 

9145 
9393 

10224 
10500 

11969 
12494 

Allowable  Fiber  Stress:  Steel,  20,000  and  Concrete,  650  Pounds  per  Sq.  Inch 


Slabof  iSq.Ft 

""m 

|1 

.04 

.06 

.08  .10  1  .12 

1 

.14 

.16 

.18 

.20 

.25 

.30 

.35  .40 

.45 

.50 

IV'!. 

H 

H 
K 

1 

1 

1 
1 
1 
IM 

m 

VA 
VA 
lA 

30 
36 
42 
48 
54 
60 
66 
72 
78 
84 
90 
96 
102 
108 
114 
120 

108 
140 
173 
205 
237 

160 
207 
256 
304 
352 
377 
421 

211 
273 
338 
401 
465 
500 
560 
624 
691 

261 
338 
419 
498 
577 
621 
697 
777 
859 
939 
978 

295 

311 

325 

342 
520 

724 

353 
538 
750 
969 
1123 
1201 
1359 
1512 
1675 
1833 
1913 
2072 
2231 
2311 
2471 
2630 

377 
574 

808 
106S 
1354 

599 

858 
1135 
1439 
1605 
1950 

i 

3 

404 
499 
594 
688 
740 
832 
928 
1025 
1120 
116S 
1260 
1358 

468 

1  499 

900| 

3^ 

578 
689 
798 
857 
965 
1076 
1189 
1300 
1356 
1466 
1578 
1637 
1749 

656 
783 
907 
972 
1097 
1222 
1352 
1479 
1543 
1670 
1797 
1863 
1990 
2119 

I 

4 

876 
1015 
1087 
1228 
1367 
1514 
1657 
1729 
1872 
2015 
2088 
2231 
2375 

1194 
1516 
1690 
2056 
2449 

1245 
1584 
1766 
2151 
2563 
3002 
3466 

1644! 

5 

1486 
1682 
1875 
2075 
2271 
2370 
2568 
2765 
2864 
3063 
3261 

1834 
2236 
2666 
3124 
3609 
3863 
4387 

1894 
2312 

6 

2234 
2469 
2703 
2821 
3057 
3292 
3412 
3649 
3886 

2760 

6H 
7 

2858 
3131 
3268 
3542 
3815 
3955 
4230 
4506 

3235 
3741 

W2 
8 

3711 
4023 

4005 
4556 

8H 
9 

9H 
10 

4334 
4493 
4806 
5120 

4850 
5026 
5378 
5730 

5122 
6416 
5945 
6335 

.318 


FLOOR  Construction 


TRIANGLE  MESH  CONCRETE  REINFORCEMENT 

AMERICAN   STEEL   AND   WIRE    COMPANY   STANDARD 

Triangle  Mesh  Reinforcement  \>o 


Triangle  Mesh  is  a  woven  fabric  of  cold  drawn  steel  wire,  providing  a 
continuous  reinforcement,  an  even  distribution  of  metal,  and  a  perfect  bond. 

Made  with  both  single  and  stranded  tension  members  in  lengths  up  to 
300  feet  and  in  widths  up  to  56  inches. 

TRIANGLE  MESH— STYLES.  AREAS,  AND  WEIGHTS 
Longitudinal  and  Cross  Wires  (No.  14  A.  S.  &  W.  Co.  Gage),  Spaced  4  Inches. 


Triangle  Meah 

Style 

Number 

Longitudinal  Wire 

Triangl 

e  Mesh 

Number 

of 
Strands 

Thickness, 

A.S.  (feW.Co. 

Wire  Gage 

Net  Area 

per  Foot  Width, 

Sq.  Inches 

Total  Area 

per  Foot  Width, 

Sq.  Inches 

.\pprox.  Weight 

per  100  Sq.  Ft, 

Pounds 

0.32 

No.  12               .026 

.032 

22 

040 

"    11                .034 

.040 

25 

049 

1 

"     10                .043 

.049 

28 

058 

'•       9                .0.52 

.058 

32 

068 

"       8               .062 

.068 

35 

080 

1 

"       7               .074 

.080 

40 

093 

1 

"       6      1         .087 

.093 

45 

107 

1 

"       5 

.101 

.107 

50 

126 

1 

"       4 

.120 

.126 

57 

146 

1 

"       3 

.140 

.140 

65 

1.53 

H" 

.147 

.153 

68 

168 

"       2 

.162 

.108 

74 

180 

2 

"       6 

.174 

.180 

78 

208 

2 

"       5 

.202 

.208 

89 

245 

2 

'•       4 

.239 

.245 

103 

267 

3 

"       6 

.201 

.207 

111 

287 

3 

'•       5>^ 

.281 

.287 

119 

309 

3 

"       5 

303 

.309 

128 

330 

3 

"       4H 

.330 

.330 

138 

365 

3 

"      4 

.359 

.365 

149 

395 

3 

"       314  f         .389 

.395 

160 

Lenath  of  Rolls:  1.50,  200  and  300  feet. 

Width  of  Rolls:  16,  20,  24,  28,  32,  36,  40,  44.  48,  52  and  56  inches.  approximat«Iy. 
Triangle  Mesh   is  furnished  either  with  or  without  galvanizing;  unless  otherwise  specified 
material  will  be  shipped  not  galvanized. 
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BUCKLE    PLATES 


Buckle  Plates,  as  generally  used  on  highway  bridges  with  paved 
floors,  are  subjected  to  a  concentrated  live  load  due  to  the  weight  of  a 
wagon  or  truck  wheel  and  to  a  uniform  dead  load  due  to  the  weight  of 
the  roadway  paving. 

Buckle  Plates  should  be  placed  with  the  buckle  turned  down;  then 
the  live  load  which  can  be  placed  on  a  buckle  in  addition  to  the 
uniform  dead  load  can  be  obtained  from  the  following  formula.      Lot : 

P  =Total  allowable  concentrated  load  on  buckle  plate,  in  pounds. 

w  =Uniform  load,  in  pounds  per  square  foot. 

d  =Rise  of  buckle,  in  inches. 

1  =Length  of  buckle,  in  inches. 

b  ^Width  of  buckle,  in  inches. 

t  =Thickness  of  buckle  plate,  in  inches, 

p  ^^  /  300  fdt- 0.525  wlbX  p^^^^^^  p^^  ^^^^1^ 
\  6d+  15 1  / 

The  following  table  gives,  for  a  fiber  stress  of  9000  pounds,  the 
maximum  concentrated  live  load  in  pounds  allowed  on  buckles  (turned 
down),  in  addition  to  a  uniform  load  assumed  to  be  the  average 
weight  of  paving,  etc.,  of  120  pounds  per  square  foot. 


Thickness  of 

Buckle  Plate, 

Inches 

Rise,  d,  in  Inches 

2 

2V2 

3 

^Yi 

20000 
30000 
41000 
53000 

22000 
33000 
45000 
58000 

22000 
34000 
47000       ■ 
61000 

22500 
34000 
47500 
63000 

The  total  allowable  uniformly  distributed  load  which  a  buckle 
plate  will  safely  support  may  be  obtained  from  the  formula: 
W  ^  12  fdt  pounds,  per  buckle. 
When  the  buckles  are  turned  up,  use  one-third  of  above  values. 
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BUCKLE  PLATES 


AMERICAN    BRIDGE     COM  PANT     STANDARD 


tiiL...-.i..i..JJl_— J M^ ).......  Jt—-} M      -^d- 


J    Size  of  Buckle 

Radii  of  Buckle 

Number 

Widths  of  Flanges 

and  Fillets 

Q 

Rise 

of 

d, 

Buckles 

^   isideljSideb, 

In. 

Side  1. 

Side  b, 

in  One 

End  Flanges 

Fillets 

Side  Flanges 

i5   |Ft.-In. 

*'t.-la. 

Ft.-In. 

Ft.-In. 

Plate 

I1.I3 

I2 

bi,b2 

1    3-11 

4-  6 

3Vi 

6-  8% 

8-  9-/8 

Ito    8 

^'l"? 

2    4-6 

3-11 

3>/; 

8-  9Vs 

6-  8% 

Ito    7 

3    3-11 

3-  6 

3 

7-  9Vs 

6-  3 

Ito    8 

'9'^ 

?„  -g  a  3 

4,3-6 

3-11 

3 

6-  3 

7-  9^2 

1  to    9 

:; 

5    3-  9 

3-  9 

3 

7-  1'4 

7-  1% 

Ito    8 

11  0 

II 

11     l^r 

6    3-1 

3-  9 

3 

4-10% 

7-  1% 

Ito  10 

7 

3-  9 

3-  1 

3 

7-  IVs 

4-10% 

Ito    8 

0 

f 

g 

0  (U  S 

S 

3-  8 

3-  8 

2 

10-  2 

10-  2 

Ito    8 

3 

0  a^ 

f» 

2-  8 

3-  8 

2 

5-  5 

10-  2 

Ito  11 

b 

0 

fc 

fc 

in 

3-  8 

2-  8 

2 

10-  2 

5-  5 

Ito    8 

<s    S 

><j 

i°^ 

11 

2-   2 

3-  8 

2 

3-  714 

10-  2 

Ito  14 

Is 

.t^ 

^ 

•0 

a'.^  0 

A?. 

3-  8 

2-  2 

2 

10-  2 

3-  7V4 

Ito    8 

u  a 

Im 

13 

3-  0 

3-  0 

2 

6-10 

6-10 

Ito  10 

<D 

g§ 

© 

05 

1§I 

14 

2-  9 

2-  9 

3 

3-10-'s 

3-10% 

Ito  11 

V. 

■3)S 

0 

CS 

19 

2-  6 

2-  9 

21^ 

3-lOii 

4-  7Vs 

Ito  12 

a 

a 

-S-S" 

20 

2-  9 

2-  6 

21/; 

4-  7vfe 

3-ioy4 

Ito  11 

u 

rn 

Si  ^  s 

21 

2-  6 

2-  6 

2U 

3-101/4 

3-101/4 

Ito  12 

>. 

®  0 

s 

S"?  ° 

?9. 

3-  5 

3-   6 

3 

5-ll«A6 

6-  3 

Ito    9 

;0 

=S(D 

-H 

Sj 

03    J-   M 

23 
24 

3-  6 
3-  6 

3-  5 
3-  9 

3 
3^ 

6-  3 
6-  3 

5-1  mo 

7-  1% 

Ito    9 
Ito    9 

fe 

0  CS 

0 

0) 

11^ 

25 

3-  913-  6 

3 

7-   1% 

6-  3 

Ito    8 

i:= 

"•* 

u 

«J„-     . 

26 

3-2   3-1 

3 

5-    1^V82 

4-10% 

Ito    9 

fii  c-1  a 

N 

^  cv   :S:3^^ 

27 

3-13-2 

3 

4-10% 

5-    1-'V82 

1  to  10 

11^ 

at 
as 

II 

11        g    g'^3 

28 

3-0   3-1 

3 

4-  7y, 

4-10% 

1  to  10 

IHI- 

29  !  3-  1  !  3-  0 

3 

4-10% 

4-  7^<. 

1  to  10 

C 

30  1  2-  6 

2-  0 

2Vo 

3-101/+ 

2-  6Vio 

Ito  12 

s 

1      III 

31  i  2-  0 

2-  6 

2H 

2-  6i,i6 

3-10^4 

1  to  15 

32  '  5-  6 

3-  6 

31/, 

13-   m'at 

5-  4% 

1  to    5 

33  i  3-  6    5-  6 

314 

5-  4% 

13-    l-'l/84 

1  to    9 

i^ 

S 

S^o-^ 

34  j  4-  0  1  4-  0 

3 

8-  IV2 

8-  IVi. 

1  to    7 

:S"o  fe 

Thickness  of  Plates,  Vt",  %o",  %"  or  Vio". 

Plates  of  greater  length  than  given  in  table  may  be  raade  by  splicing  with  bars,  angles,  or  tees. 

-•Vll  plates  are  made  with  buckles  up,  unless  otherwise  ordered.  When  buckles  are  turned  down, 
a  drain  hole  should  be  punchedin  the  center  of  each  buckle  and  should  be  shown  on  sketch. 

Buckles  of  different  sizes  should  not  be  used  as  it  i  ncreases  the  cost  of  the  plate. 

Connection  holes  are  generally  for  ^",  M"orJ^"  rivets  or  bolts.  Holes  of  different  sizes 
in  same  plate  will  i  ncrcase  the  cost  of  the  plate. 

Spacingfor  holes  lengthwise  of  plate  should  be  in  multiples  of  .3"  and  should  not  exceed  12". 
Odd  spaces  to  beat  end  of  plate  and  in  even  ^".    Minimum  spacing  crosswise  4]/^",  usually  6". 

Die  number  must  be  shown  on  drawings. 

Sketches  for  Buckle  Plates  should  indicate  allowable  overrun  in  length  and  width. 
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CHECKERED  PLATES 


Elements  of  Checkered  Plates 


Section 
Index 

Width,  a 

Thickness, 

Weight  per 

Square  Foot, 

Pounds 

Section 

Minimum, 
Inches 

Maximum, 
Inches 

t. 
Inches 

OneFoot  Width, 
Inches'^ 

M  54 
M  53 
M  52 
M  51 
M  50 
M  49 

12 
12 
12 
12 
12 
12 

60 
60 
60 
60 
60 
48 

% 
%0 

21.4 
18.9 
16.3 
13.8 
11.2 
8.7 

0.500 
0.383 
0.281 
0.195 
0.125 
0.070 

Allowable  Uniform  Load  in  Pounds  per  Square  Foot 


Span 

Fiber  Stress,  16000  Pounds  per  Square  Inch 

Fiber  Stress,  12000  Pounds  per  Square  Inch 

in 

Feet 

M54 

M53 

M52 

M51 

M50 

M49 

M54 

M53 

M52 

M51 

M50 

M49 

1 

5333 

4083 

3000 

2083 

1333 

746 

4000 

3064 

2248 

1560 

1000 

560 

2 

1333 

1021 

750 

520 

333 

187 

1000 

766 

562 

390 

250 

140 

3 

593 

454 

333 

232 

148 

83 

444 

340 

250 

173 

111 

62 

4 

333 

255 

188 

130 

g3 

47 

250 

191 

141 

97 

63 

5 

213 

163 

120 

83 

53 

160 

122 

90 

62 

6 

148 

113 

83 

58 

111 

85 

62 

7 

109 

83 

61 

82 

63 

8 

83 

64 

62 

9 

66 

The  values  given  in  above  table  are  the  safe  loads  per  square  foot  of 
plates  supported  on  two  sides  only  and  are  based  upon  the  resistance  of 
rectangular  sections,  12  inches  by  the  net  section,  t. 

The  weight  of  the  plates  are  included  in  the  safe  loads  and  must  be 
deducted  to  obtain  the  net  superimposed  safe  load. 

Safe  loads  for  other  fiber  stresses  than  those  given  in  table  may  be 
obtained  from  the  values  given  by  direct  proportion  of  the  fiber  stresses. 
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ROOFS  AND  ROOF  LOADS 

The  design  of  roofs  and  the  selection  of  suitable  roofing  materials 
depend  on  the  character  of  the  building,  whether  monumental, 
public,  residence,  mill  or  shop;  permanent  or  temporary;  geo- 
graphical location  as  regards  allowance  for  snow  and  wind  loads, 
and  also  availability  of  materials  and  familiarity  of  workmen 
with  the  construction;  atmospheric  conditions  as  concerns  presence 
of  industrial  or  other  plants  producing  deleterious  gases;  water- 
tightness  or  resistance  of  the  roof  layers  to  penetration  of  water, 
snow  or  ice  under  storm  and  long  continued  exposure;  wind 
resistance  or  the  strength  of  materials  to  resist  displacement  of 
the  entire  surface  or  disruption  between  points  of  support;  tj^pe 
and  pitch  of  roof,  whether  self-supporting  on  wide  spans  or 
requiring  the  use  of  sheathing,  and  whether  materials  can  be  laid 
safely  on  steep  surfaces. 

A  good  roof  on  a  permanent  structure  should  be  fireproof  from 
within  as  well  as  without,  made  of  refractory  materials  supported 
by  equally  refractory  framing.  It  should  last  without  repair  as 
long  as  the  building  stands  without  repair.  Its  maintenance  cost 
should  be  low  and  its  materials  purchased  on  the  probable  life  and 
service  of  the  structure. 

Snow  Loads.  The  snow  loads  on  roofs  vary  with  the  geographical 
location,  the  altitude  and  humidity  of  the  place,  and  with  the  slope 
of  the  roof.  Where  snow  is  likely  to  occur,  the  minimum  load  per 
horizontal  square  foot  of  roof  should  be  taken  at  25  pounds  for  all 
slopes  up  to  20  degrees;  this  load  to  be  reduced  one  pound  for  each 
degree  of  increase  in  slope  up  to  45  degrees,  above  which  no  snow 
load  need  be  considered.  In  severe  climates  these  loads  should  be 
increased  in  accordance  with  actual  conditions.  Regard  should 
also  be  taken  to  the  possibility  of  partial  snow  load  with  local 
concentration. 

Wind  Loads.  These  vary  also  with  the  geographical  location  and 
the  slope  of  the  roof,  and,  when  not  fixed  by  building  laws,  are 
usually  taken  as  acting  horizontally  at  40  pounds  per  square  foot 
on  vertical  surfaces  of  the  most  exposed  structures,  and  30  pounds 
on  less  exposed  structures.  On  inclined  surfaces  only  the  normal 
components  of  the  wind  pressure  need  be  considered.  The  following 
normal  pressures   are   based  on  the  formula  given  by  Duchemin: 

P=Pi   ,    ,  ^!""    ,   where    Pi    is    the     direct     horizontal     pressure 
1  +  sm^a 

assumed  at  30  pounds  per  scjuare  foot  on  the  vertical  surface   and 

P  the  normal  pressure  on  a  unit  of  surface,  sloping  at  angle  a  with 

the  horizontal. 
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Normal  Wind  Pressure,  in  Pounds  per  Square  Foot 


Slope 

Pressure 

per 

Square  Foot, 

Pounds 

Slope 

Pressure 

per 

Square  Foot, 

Pounds 

Slope 

Pressure 

pet 

Square  Foot, 

Pounds 

Slope 

Pressure 

per 

Square  Foot, 

Pounds 

5 
10 
15 

5.19 
10.11 
14.55 

20 
25 
30 

18.37 
21.51 
24.00 

35 
40 
45 

25.90 
27.29 
28.28 

50 
55 
60 

28.97 
29.41 
29.69 

For  other  pressures  than  30  pounds  per  square  foot,  the  values 
given  above  change  in  proportion.  For  slopes  over  60°  the  values 
assumed  for  horizontal  pressure  are  applied. 

Combined  Roof  Loads.  In  climates  Corresponding  to  that  of 
Pittsburgh,  and  where  the  roof  loads  are  not  fixed  by  building 
laws,  ordinary  roofs  up  to  80  feet  span  should  carry  the  following 
minimum  loads  per  square  foot  of  exposed  surface,  applied  verti- 
cally, to  provide  for  dead,  wind  and  snow  loads  combined. 


Roof  Covering 


Gravel  or       Ton  boards,  flat  slope,  1  to  6  or  less 

Composition-Ion  boards,  steep  slope,  more  than  1  to  6 
Roofing  [on  3  inch  flat  tile  or  cinder  concrete  .  .  . . 

Corrugated  sheeting  on  boards  or  purlins 

„.  Jon  boards  or  purlins , 

\on  3  inch  flat  tile  or  cinder  concrete  . . . . 

Tile  on  steel  purlins 

Glass 


Roof  Load 

per 

Square  Foot, 

Pounds 


50 
45 
60 
40 
50 
65 
55 
45 


For  roofs  in  climates  where  no  snow  is  likely  to  occur,  reduce 
these  loads  by  10  pounds  per  square  foot,  but  no  roof  or  any  part 
thereof  should  be  designed  for  a  total  live  and  dead  load  less  than 
40  pounds  per  square  foot. 

Roof  Covering.  As  stated  above,  suitable  protection  of  a  building 
against  rain,  snow,  etc.,  depends  on  the  character  and  location 
of  the  building,  and  the  slope  or  pitch  of  the  roof.  Tin,  tar,  gravel, 
asphalt  roofings  and  similar  compositions  are  used  for  flat  roofs; 
slate,  tiles,  and  tin  are  used  for  slant  roofs  of  public  buildings  and 
residences,  shingles  for  smaller  dwelling  houses,  and  corrugated 
sheeting  for  shops  and  warehouses.  Slate,  tile,  tin,  and  shingles 
are  usually  attached  to  a  layer  of  planking,  called  sheathing, 
which  in  turn  is  supported  by  rafters,  often  called  jack  rafters, 
resting  upon  the  roof  purlins,  or  placed  directly  upon  the  purlins 
of  the  roof. 
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Approximate  Weight  of  Roofing  Material 


Roofing  Material 


Weight 

per 
Sq.  Foot, 
Pounds 


Copper.  No.  22  B.  W.  G 

Corrugated  galvanized  iron.  No.  20  B.  W.  G 

Corrugated  galvanized  iron.  No.  26  B.  W.  G 

Felt,  2  layers 

Felt  and  asphalt  or  coal-tar 

Glass,  yi  inch  thick 

Lath  and  plaster  ceiling 

Lead,  }4  inch  thick 

Mackite,  1  inch  thick,  with  plaster 

Sheathing,  hemlock,  1  inch  thick 

Sheathing,  white  pine,  spruce,  1  inch  thick 

Sheathing,  yellow  pine,  1  inch  thick 

Shingles,  6x18  inches,  6  inches  to  weather 

Skylight,  glass  ?io  to  y^  inch,  including  frame 

Slag  roof,  4-ply,  with  cement  and  sand 

Slate,  J/s  inch  tliick,  3  inch  double  lap 

Slate,  "irt  inch  thick,  3  inch  double  lap 

Terneplale,  IC 

Terneplate,  IX 

Tiles  (plain),  10Hx6Mx5s  inches,  5M  inclies  to  weather  . 
Tiles  (Spanish),  14}^xlOH  inches,  7M  inches  to  weather 
Zinc,  No.  20  B.  W.  G 


2H 
IM 

2 

IH 
6-8 

10 

2 

2M-2H 

3  Vi 

2 

4-10 

4 
•  4M 

y% 

18 
83^ 
1}^ 


Roof  Trasses.  Trusses  are  used  where  wide  roof  openings  are  to  be 
spanned;  they  form  a  structure  of  compression  and  tension  members 
and  produce  vertical  reactions  under  vertical  loads;  the  total  load 
of  the  roof,  that  is,  the  weight  of  the  truss,  purlins,  roof  covering, 
ceiling,  and  often  also  the  snow  and  wind  load,  is  usually  considered 
a  uniformly  distributed  load,  equally  divided  between  the  two 
supports  and  producing  equal  and  vertical  end  reactions. 

The  purlins  usually  rest  on  the  upper  chord  of  the  truss,  trans- 
mitting to  the  latter  the  load  of  the  roof  covering,  the  wind  and 
snow  load,  that  of  the  jack  rafters  and  their  own,  and  are  often  so 
arranged  as  to  carry  the  dead  load  directly  to  the  truss  joints  or 
panel  points  to  avoid  transverse  stresses.  The  distance  between 
two  consecutive  joints  of  the  top  chord  is  the  panel  length,  the  dis- 
tance between  two  adjacent  trusses  the  bay  length. 

The  transverse  strength  of  the  sheathing  or  of  the  corrugated 
iron  used  for  the  roof  covering  generally  determines  .the  spaces 
between  the  jack  rafters  or  the  purlins.  These  purlins  or  rafters 
are  small  steel  shapes,  such  as  beam.s,  channels  and  angles,  or 
wooden  beams,  if  the  roof  is  not  of  fireproof  construction. 
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TRUSSES — Formula  for  Stresses  and  Lengths 


2W 


n  =  L/H  =  2  cot  a 


SIMPLE  FINK  TRUSS 


SIMPLE  FAN  TRUSS 


Member 


Length 


Member 


Length 


+  H\/nM^  xW 

—  Ma  X  W 

—  Vin  xW 

+-4=  ,w 

—  Hd  xW 


U  L  seca 

^iLscco 

¥.  Lsec'o 

L  (1— Wsec'a) 

V*  L  scca  tana 

v.  Lsec'a 


Aa 

Bb 

Co 

La 
Ld 

ab,  be 

cd 


+J\p^C'in'+6)xW 

—  %n  X  W 

—  »4n  X  W 

—  Vjn_  xWl'iLsec' 


■4  L  seca 

Ve  L  seca 

VaL  seca 
14Lscc'a 
L  (1— '.^  sec'a) 


4W 


n = L/H  =2  cot  g 


6W 


COMPOUND  FINK  STRUSS 


Member 


Length 


Member 


COMPOUND  FAN  TRUSS 


Stress 


Length 


Ce 

Df 

La 

Lo 

Lg 

ab,  ei 

cd 

be,  de 
dg 
fg 


+  %Nsr^      xw 


—  D 

+-; 


Vn'+4 

an 
\il'+4 


—  Vin 

—  ?4n 


H  Lseca 
K  Lseca 


Mj  L  sec^  a 
Vs  L  sec'a 
L  (1— Wsec'a) 

H  L  secatana 

Vi  L  secatana 
Vii  Lscc'a 
Vi  L  sec*o 
liLsec'o 


ab.  bc,l 
fg,ghJ 

de 

cd.  ef 


"*"  \^M^('Vill'+ll)x'.V''i=  L  seca 
+  Tr?^(»yi2n'+9)  x\V  Mj  L  seca 
+'^p^('Vin'+7)  xWVi- Lseca 
+  •y^T^Cy.n'+S)  xWJvij  Lseca 

+ -^I^T^CyjiHI)  xWM=  Lseca 
— 'Wn  xW  HLsec'a 


n'Vn»+40i)'  +  H4 


6(n=+4) 


\'iNl 


V's  L  sec' a 
L(l-  •>•:  sec'a) 


'*     \ — q — hsec^atan-, 
v«  L  secatana 


H  L  sec' 
V6  Lsec' 
^s  L  sec' 


Coefficients  for  Calculating  Lengths  of  Truss  Members 

Values  of  n 

3 

H^!       2  cot  30°         4        1     2-^^ 

5 

6 

Values  of  a 

33°41'24" 

30°15'23"       30° 

2d°33'54"i22°37'12" 

21°48'5" 

18°26'  6" 

sec    a 
sec2  a 
sec  a  tan  a 

1.2018 
1.4444 
0.S012  ■ 

0.8958 

1.1577 
1.3403 
0.6753 

0.7778 

1.1547 
1.3333 

0.6667 

0.7698 

1.1180 
1.2500 
0.5590 

0.6718 

1.0S33 
1.1736 
0.4514 

0.5781 

1.0770 
1.1600 
0.4308 

0.5608 

1.0541 
1.1111 
0.3514 

|/s^2a^ggg2a  tan^a 

0.4969 
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TRUSSES — Coefficients  of  Stresses 

w 

j :^WC  w 

ft 

n  =  L,'H  =  2  cot  a 


3W 


Member 

n  =  Span  ^  Height  =  2  cot  a 

n  =  Span  -4-  Height  =  2  cot  a 

2  cot!    , 
30°!    4 

Member 

3     24/7 

24/5 

5 

6 

,,,7 '2  cot 
3     24/7  ■  30° 

4 

24/5     5        6 

Aa   " 

2.70 

2.98 

3.00 '3.35!  3.90  [4.04 

4.74 

Aa 

4.51  4.98 

5.00 

5.59 

6.50 

6.73  7.91 

Bb 

2.15 

2.47 

2.5012.91   3..52  13.67 

4.43 

Bb 

3.54  3.96 

4.00 

4.55 

5.38 

5.59  6.64 

La 

2.25 

2.57 

2.6013.00  3.G0;  3.75 

4.50 

Cc 

3.40 

3.95 

4.00 

4.70 

5.73 

5.99  7.27 

Lc 

1.50 

1.71 

1.73 

2.00!  2.40  2.50 

3.00 

La 

3.75 

4.30 

4.33 

5.00 

6.00 

6.25  7.50 

ab 

0.83  0.86 

0.87 

0.8910.92  0.93 

0.95 

Ld 

2.25 

2.57 

2.60 

3.00 

3.60 

3.75  4.50 

be 

0.75  0.86 

0.87 

1.0011.20  1.25 

1.50 

ab,  be 

0.93 

0.99 

1.00 

1.08 

1.18 

12111.34 

1         1         ' 

cd 

1..50   1.71 

1.73 

2.00 

2.40  '  2.0O  1 3.00 

4W 


6W 


n  =  Span  -^  Height  =  2  cot  a 


Member; 


3    124/71 30?]    4     24/5 


Member 


n  =  Span  -^  Height  ^  2  cot  a 


24/7,  30°  j 


4   1 24/5 


Aa 

6.31 

Bb 

5.76 

Ce 

5.20 

Df 

4.65 

La 

5.25 

Lc 

4.50 

U 

3.00 

ab.ef 

0.83 

cd 

1.66 

bc.de 

0.75 

d(? 

1.50 

fg 

2.25 

6.95  7 
6.44  6, 
5.94  6, 
5.43:5 


6.00 
5.14 
3.43 
0.86 
1.73 
0.86 
1.71 
2.57 


.00  7.83 
50  7.38 
00  6.93 
50 !  6.48 
,07  j  7.00 
,20  6.00 
,48  4.00 
,87  0.S9 


1.79 
1.00 
2.00 
3.00 


9.10 1 9.42  111.07 

8.72' 9.05  J10.75SI 
8.33  8.68il0.43ii 
7.95  8.31. 10.12!| 
8.40  8.75  10.50'! 
7.20 '  7.50 1  9.00|l 
4.80 '5.00 1  6.00|l 
0.92 , 0.93 
1.85  1.86 


1.20 
2.40 
3.60 


0.95 
1.90 
1.50  ab 
3.00! 
4.50 


Aa 

Bb 

Cc 

Df 

Eg 

Fh 

La 

Ld 

Li 
bc,fg,i 

de 
cd,  ef 

ei 

hi 


9.92 
8.95 
8.81 
8.25 
7.28 
7.14 
8.25 
6.75 
4.50 
0.93 
2.50 
1.50 
2.25 
3.75 


10.91 11 
9.91 10 
9.9110 
9.40  9 
8.41 
8.40 
9.43 
7.71 
5.14 
0.99 
2.59  2 
1.71   1 
2.57  2 
4.29I  4 


0012.3014.3014. 
0011.2513.1813. 
0011.4013.5314. 
.5010.9013.1513. 
.50  9.91  12.02  12. 
.5010.0612.3842. 
..5311.0013.2013. 
.791  9.0010.8011. 
.20  6.00  7.20I  7. 


.00  1.1 

.60|  2.1 
3i  2.00 


1.18|  1 
2.77!  2 
2.40'  2 


60  3.00  3.6O:  3 

.33'  5.00:  e.ooi  6 


81 17.39 
6616.13 
0716.76 
70 16.44 
5515.18 
9515.93 
7516.50 
25  13.50 
50'  9.00 
21}  1.34 
79  2.85 
.W  3.00 
75  4. .50 
25  7.50 


The  pitch  of  a  truss  is  the  ratio  of  the  rise  or  height  to  the  spaa  length  of  the  truss. 
Pitch  =  H  L  =  1  'n.     n  =  L  H  =  1  /pitch. 

To  obtain  the  stress  in  any  member  of  a  given  truss,  multiply  the  corresponding  coefficient  by 
the  panel  load  W. 

Compression  members  are  designated  by  +  and  tension  members  by  — 
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W  W 


2W 


3W 


PRATT  TRUSS— i  PANELS 

PRATT  TRUSS— 6  PANELS 

Member 

Stress 

Length 

Member 

Stress 

Length 

Aa,  Bb 
La 
Lc 
ab 

+^l/n2+    4xW 
—%     n           xW 
— H     n           xW 
+  1                  xW 

M     L  sec  a 

M     L 
Vz     L 

'A     h 

Aa,  Bb 
Cd 
La 
Lc 
Le 
ab 
cd 
be 
de 

+  %-l/n2+   4    xW 
+     i/n2+  4   xW 
-%     n            xW 
—        n            xW 
— %     n            xW 
+  1                    xW 
+3/2                   xW 
—H-\/n2+16    xW 
-Mi/n2+36  xW 

Vb     L  sec  a 
Vs     L  sec  a 
U     L 

Mi     L 

be 

— Ji-l/n2+16xW 

M1/L2+I6I12 

Vs     L 

Mj     h 

%     h 

'/«-/L2+16h-' 

>/8v/L2+36h2 

n=L/H=2eota 


5W 


PRATT  TRUSS-8  PANELS 

PRATT  TRUSS— 10  PANELS 

Member 

Stress 

Length 

Member 

Stress 

Length 

Aa,  Bb 

+%-l/ii2  4-    4xW 

Ms     L  see  a 

Aa,  Bb 

+%|/n2+4     xW  Vio     L  sec  a 

Cd 

+%i/n2+   4xW 

Vs     L  see  a 

Cd 

+  -^yns+4     xWi/io     Lseca 

Df 

+%l/n2+  4xWji/s     Lseca 

Df 

+%|/n2+4     xWi,io     Lseca 

La 

-Vi     n          xW|M8     L 

Eh 

+%v'n2+4     xWMio     Lseca 

Lc 

-%     n          xW.Vs     L 

La 

-%     n            xW'iAo     L 

Le 

— %     n          xWVs     L 

Lc 

-2     n            xWi,io     L 

Lg 

n          xWMi-     L 

Le 

— %     n            xWVio     L 

ab 

+ 1                 xWjVi     h 

Lg 

-%     n            xWi/iu     L 

cd 

— %                 xWiVa     b 

Li 

-%     n            xW%       L 

ef 

+  2                xWi%     h 

ab 
cd 

+  1                   xW  Afe       h 

be 

-Vii/  n2+ 16xW|VVL2+  1 6h2 

+  %                             XW2^          h 

de 

-Vi{/  n2+36xW,M8i/  L2+36h2 

ef 

+  2                    xW%       h 

fg 

— V4\/ n2+64xW^'s''/ T-2  4-fi4h2 

gh 

+¥2                  xW|4,f.       h 

be 

-1/41/ n2+    16xWMioi/L2+16  h2 

de 

-i-4i/n2+  3(5xW//ioi/L-'+   36h2 

fg 

-y4i/n2+  64xWMio^/L^+  64h2 

hi 

-M4v/n2+l00xW 

i-ioi/La+lOOha 
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2W 


TRUSSES — Coefficients  of  Stresses 
w  w 

H  H 

I  I 

n=L/H  =  2cot  a 


n  =  Span  -f-  Height  =  2  cot  a 

n  =  Span  -h  Height  =  2  cot  a 

Member 

3     24/7 

2  cot 
30° 

4 

24/5 

5 

6 

Member 

3 

24/7 

2  cot 
30° 

4 

24/5 

5 

6 

Aa.Bb 

2.70  2.98 

3.00 

3.35 

3.90 

4.04 

4.74 

Aa,Bb 

4.51 

4.96 

5.00 

5.59 

6.50 

6.73 

7.91 

La 

2.25 

2.57 

2.60 

3.00 

3.60 

3.75 

4.50 

Cd 

3.61 

3.97 

4.00 

4.47 

5.20 

5.39 

6.32 

Lc 

1.50 

1.71 

1.73 

2.00 

2.40 

2.50 

3.00 

La 

3.75 

4.29 

4..33 

5.00 

6.00 

6.25 

7.50 

ab 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Lc 

3.00 

3.43 

3.46 

4.00 

4.80 

5.00 

6.00 

be 

1.25 

1.32 

1.32 

1.41 

1.56 

1.60 

1.80 

Le 

2.25 

2.57 

2.60 

3.00 

3.60 

3.75 

4.50 

ab 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

^ 

cd 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

be 

1.25 

1.32 

1.32 

1.41 

1.56 

1.60 

l.SO 

de 

1.68 

1.73 

1.73 

1.80 

1.92 

1.95 

2.12 

4W 

n  = 

=  L/H=2cota 

5W 

t 

n  =  Spaa  -J-  Height  =  2  cot  a 

n  =  Span  -=-  Height  =  2  cot  a 

Member 

Member 

3 

24/7 

2  cot 
30° 

4 

24/5 

5 

«  ! 

3 

24/7 

2  cot 
30° 

4 

24/5 

5        6 

Aa.Bb 

6.31 

6.95 

7.00 

7.83 

9.10 

9.42 

11.07 

Aa,  Bb 

8.11 

8.93 

9.00 

10.06 

11.70 

12.1214.23 

CM 

5.41 

5.95 

6.00 

6.71 

7.80 

8.08 

9.49, 

Cd 

7.21 

7.94 

8.00 

8.94 

10.4010.7712.65 

Df 

4.51 

4.97 

5.00 

5.59 

6.50 

6.73 

7.91; 

Df 

6.31 

6.95 

7.00 

7.83 

9.10  9.42  11.07 

La 

5.25 

6.00 

6.06 

7.00 

8.40 

8.75 

10.50 

Eh 

5.41 

5.95 

6.00 

6.71 

7.80  8.08  9.49 

Lc 

4.50 

5.14 

5.20 

6.00 

7.20 

7.50 

9.00 

La 

6.75 

7.71 

7.79 

9.00 

10.8011.25,13.50 

Le 

3.75 

4.29 

4. .33 

5.00 

6.00 

6.25 

7.50 

Lc 

6.00 

6.86 

6.93 

8.00 

9.6010.0012.00 

Lg 

3.00 

3.43 

3.46 

4.00 

4.80 

5.00 

6.00 

Le 

5.25 

6.00 

6.06 

7.00 

8.40 

8.7510.50 

ab 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

Lg 

4.50 

5.14 

5.20 

6.00 

7.20 

7.50 

9.00 

cd 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

1.50 

Li 

3.75 

4.29 

4.33 

6.00 

6.00 

6.25 

7.50 

ef 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00 

ab 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

1.00 

be 

1.25 

1.32 

1.32 

1.41 

1..56 

1.60 

1.80 

cd 

1.50 

1.50 

i.r,o 

1.50 

1.50 

1.50 

1.50 

de 

1.68 

1.73 

1.73 

1.80 

1.S2 

1.95 

2.12 

ef 

2.00 

2.00 

2.00 

2.00 

2.00 

2.00!  2.00 

fg 

2.14 

2.18 

2.18 

2.24 

2.33 

2.36 

2.50 

gh 

2.50 

2.50 

2. .50 

2.50 

2.50 

2.50 

2.50 

be 

1.25 

1.32 

1.32 

1.41 

1.56 

1.60 

1.80 

de 

1.68 

1.73 

1.73 

1.80 

1.92 

1.95 

2.12 

1 

fg 

2.14 

2.1  S 

2.18 

2.24 

2.33 

2. .36 

2.50 

hi 

2.61 

2M 

2.65 

2.69 

2.77 

2.80 

2.92 
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CORRUGATED  SHEETS 

Corrugated  sheets  are  used  for  roofs  and  sides  of  buildings.  They 
are  usually  laid  directly  upon  the  roof  purlins  and  held  in  place  by 
means  of  clips  of  steel  hoops  which  encircle  the  purlin  and  are 
placed  about  12  inches  apart.  Special  care  must  be  taken  that  the 
projecting  edges  of  the  sheets  at  the  eaves  and  gable  ends  of  the 
roof  are  well  secured,  otherwise  the  wind  will  loosen  the  sheets. 

Corrugated  sheets  are  made  in  the  sizes  given  on  opposite  page, 
the  size  most  generally  used  has  nominally  2J-^-inch  corrugations, 
actual  width  2% inches,  about  3^  inch  in  depth.  The  gages  frequently 
used  for  roofing  are  Nos.  20  and  22,  U.  S.  Standard  Gage. 

By  one  corrugation  is  meant  the  double  curve  between  corres- 
ponding points,  and  by  depth  of  corrugation  the  greatest  deviation 
of  the  curved  surfaces  from  the  straight  line. 

One  and  one-half  corrugations  are  allowed  for  lap  in  the  width 
of  the  sheet  and  6  inches  in  the  length  for  the  usual  quarter  pitch 
roof;  one  corrugation  in  width  and  4  inches  in  the  length  of  the 
sheet  is  usually  allowed  for  sidings. 

Corrugated  sheets  of  2,  2J^  and  3  corrugations  are  furnished  in 
standard  lengths  of  5,  6,  7,  8,  9  and  10  feet  and  with  a  standard 
covering  width  of  24  inches,  when  laid  with  a  lap  of  either  one 
or  one  and  one-half  corrugations. 

By  experiment  it  has  been  determined  that  corrugated  sheet 
steel,  ^  inch  deep  and  No.  20  gage  spanning  6  feet,  began  to 
give  a  permanent  deflection  with  a  load  of  30  pounds  per  sq.  foot, 
and  that  it  collapsed  with  a  load  of  60  pounds  per  sq.  foot. 
The  distance  between  centers  of  purlins  should,  therefore,  not 
exceed  6  feet  and  should  preferably  be  less  than  this. 

Approximately  the  uniformly  distributed  safe  load  of  corrugated 
sheets  may  be  obtained  from  the  formulas  given  below,  using  the 
following  notations: — 

W^Total  allowable  uniform  load,  in  pounds. 
b=Curvilinear  width  of  sheet,  in  inches  (b=1.075x  covering 

width). 
l^Unsupported  length  of  sheet,  in  inches. 
t^Thickness  of  sheet,  in  inches. 
d^Depth  of  corrugations,  in  inches. 
f=Allowable  fiber  stress,  in  pounds  per  sq.  inch. 

Then-  W-     ^^^   -    ^1  X  ^^^^  -  -^^M^ 
inen.  w  ^  j     x  -^-^  ^^^ 

for       f=  12000,      W^?MOO_bdt 
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CORRUGATED  SHEETS 


AMERICAN    SHEET   AND    TIN    PLATE   COMPANY 


Description  of  Sheets 


Areas  of  Sheets 


Corrugations             Width,  Inches 

-J 

Sq.  Ft.  in  1  Sheet 

Sheets 

in  100  Sq.  Ft. 

Width 

Inches! 

Num- 

Corrugations 

Corrugations 

Depth, 

ber 

Full 

Cover- 

a S 

Nomi- 
nal 

Actual 

Inches 

per 
Sheet 

Sheet 

ing 

5" 

3",2i^", 
2" 

IM", 

5" 

3",2J/2",  IJi". 
2"     1   H" 

5 

5 

% 

6 

28 

25 

60 

11.67 

10.83 

10.42 

8.57 

9.23     9.60 

3 

3 

%6 

9 

26 

24 

72 

14.00 

13.00 

12.50  7.14 

7.69 

8.00 

*2v; 

2% 

V2 

10}^ 

271^ 

24 

84 

16.33 

15.17 

14.58 

6.12 

6.59 

6.86 

2V, 

2% 

Vi 

10 

26 

24 

96 

18.67 

17.33 

16.67 

5.36 

5.77 

6.00 

2 

2 

-'Aa 

13 

26 

24 

10821.00 

19.50 

18.75 

4.76 

5.13 

5.33 

1¥ 

1^ 

% 

20 

25 

2334 

12023.33 

21.67 

20.83 

4.29 

4.62 

4.80 

% 

'A 

yio 

40        25 

24% 

14428.00'   26.00 

25.00    3.57 

3.85     4.00 

Standard  lengths  5,  6,  7,  8,  9  and  10  ft.  Maximum  length,  12  ft.  except  for  Ys"  corrugation. 
Si^es  denoted  *  2J^  are  for  the  27J4"  width. 


Painted  Sheets 

— Weights  in 

Pounds 

per 

100  Squa 

re  Feet. 

Cor- 
rug.. 
In. 

Thickness,  United  States  Standard  Gage 

10 

12 

14 

16 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

5 

470 

336 

269 

215 

162 

148 

135 

122 

108 

95 

81 

75 

68 

3 

472 

338 

270 

216 

163 

149 

136 

122 

109 

95 

82 

75 

68 

*2V', 

615 

478 

342 

274 

219 

165 

151 

137 

124 

110 

97 

83 

76 

69 

'2^A 

607 

472 

338 

270 

216 

163 

149 

136 

122 

109 

95 

82 

75 

68 

2 

270 

216 

163 

149 

136 

122 

109 

95 

82 

75 

68 

1'4 

169 

155 

141 

127 

113 

99 

85 

78 

71 

Vs 

1 

113 

99 

85 

78 

71 

Galvanized  Sheets — Weights  in  Pounds  per  100  Square  Feet. 


Cor- 

rug., 
In. 

,                             Thickness,  United  States  Standard  Gage 

10 

12      14 

16 

18 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

ft 

486    352 

285 

231 

178 

164 

151 

137 

124 

111 

97 

90 

84 

77 

3 

488 

353 

286 

232 

178 

165 

151 

138 

125 

111 

98 

91 

84 

77 

*2V. 

631 

494 

358 

290 

235 

181 

167 

153 

140 

126 

113 

99 

92 

85 

78 

2V. 

623 

488 

353 

286 

232 

178 

165 

151 

138 

125 

111 

98 

91 

84 

77 

2 

286 

232 

178 

165 

151 

138 

125 

111 

98 

91 

84 

77 

1  '4 

186 

172 

158 

144 

130 

116 

102 

95 

88 

81 

% 

130 

116 

102 

95 

88 

81 

The  weights  per  100  .square  feet  given  in  precefling  tables  do  not  include 
allowances  for  end  or  side  laps.  The  following  table  gives  the  approximate 
number  of  square  feet  of  sheeting  necessary  to  cover  an  area  of  100  square 
feet  and  is  based  on  sheets  of  standard  width,  96  inches  long.  If  longer  or 
shorter  sheets  arc  used,  the  number  of  square  feet  required  will  vary  accordingly . 

Sq.  Feet  of  23^  In.  Standard  Sheets  to  Cover  Area  of  100  Sq.  Ft. 


Side  Lap 

End  Lap,  Inches 

1 

2 

3       1       4 

5              6 

1      Corrugation 

VA 
2 

109 
116 
123 

111 
117 
124 

112          113 
118          120 
126          127 

114 
121 
129 

116 
122 
1.30 
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STRUCTURAL  TIMBER 

The  strength  of  structural  timbers  depends  upon  a  number  of 
factors;  the  kind  of  wood,  the  age  of  the  tree,  the  time  of  the  year 
in  which  it  was  felled,  the  method  of  sawing,  the  character  of  the 
seasoning  and  therewith  its  moisture  content,  the  proportion  of 
heartwood  to  sapwood  and  the  proportion  of  knots  to  clear  wood. 

In  consequence  of  these  variable  factors,  the  working  unit  stresses 
approved  by  the  building  laws  of  different  cities  vary  widely,  as 
well  also  as  the  unit  stresses  given  in  the  proceedings  of  the  various 
engineering  associations.  They  go  back  in  some  cases  to  the 
studies  made  in  1895  by  the  Association  of  Railway  Superintendents 
of  Bridges  and  Buildings. 

The  most  recent  studies  in  this  direction  have  been  made  by  the 
American  Railway  Engineering  Association,  and  the  tables  for 
wooden  beams  and  columns  which  follow  are  based  on  the  working 
unit  stresses  for  structural  timbers  adopted  by  that  Association. 
The  table  of  working  unit  stresses  has  been  reprinted,  by  permission, 
from  the  Manual,  edition  of  1911. 

These  unit  stresses  vary  with  the  class  of  construction.  They  are 
intended,  as  noted,  for  railway  bridges  and  trestles.  For  highway 
bridges  and  trestles  and  for  buildings  and  similar  structures,  the 
unit  stresses  may  be  increased  in  accordance  with  the  more  quiescent 
character  of  the  loading  and  freedom  from  deleterious  weather 
conditions.  The  values  are  based  on  carefully  selected  timber 
purchased  in  accordance  with  the  standard  specifications  of  the 
Association  and  subject  to  careful  inspection. 

The  commercial  timbers  which  are  in  common  use  in  building 
construction  will  not  meet  these  specifications,  and,  therefore,  the 
unit  stresses  approved  by  good  building  practice  as  evidenced  in 
the  building  laws  of  various  cities  are  rightly  lower.  The  tables 
as  they  stand  are  in  accord  with  the  average  practice  as  represented 
by  these  building  laws,  and  may,  therefore,  be  used  as  they  stand 
for  ordinary  building  work  executed  with  the  commercial  grades  of 
timber,  such  as  can  be  purchased  in  the  open  market. 

The  allowable  loads  may  be  adjusted  to  other  species  of  wood 
than  those  stated  in  the  headings  of  the  tables  and  to  other  unit 
stresses  by  the  direct  proportion  which  such  unit  stresses  bear  to 
those  for  which  the  tables  are  computed.  In  the  case  of  columns 
the  values  may  be  adjusted  to  any  working  unit  stress  by  direct 
proportion  ba.sed  on  the  relations  of  1/d. 
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WORKING  UNIT  STRESSES  FOR  STRUCTURAL  TIMBER 

ADOPTED    BY    THE   AMERICAN    RAILWAY    ENGINEERING    ASSOCIATION 

The  working  unit  stresses  given  in  the  table  are  intended  for  railroad 
bridges  and  trestles.  For  highway  bridges  and  trestles,  the  unit  stresses 
may  be  increased  25  per  cent.  For  buildings  and  similar  structures,  in  which 
the  timber  is  protected  from  the  weather  and  practically  free  from  impact, 
the  unit  stresses  may  be  increased  50  per  cent.  To  compute  the  deflection 
of  a  beam  under  long  continued  loading  instead  of  tiiat  when  the  load  is 
first  applied,  only  50  per  cent,  of  the  corresponding  modulus  of  elasticity 
given  in  the  table  is  to  be  employed. 
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WOODEN  BEAMS 

The  safe  load  tables  of  wooden  beams  which  follow,  based  upon 
the  working  unit  stresses  adopted  by  the  American  Railway 
Engineering  Association,  give  the  uniformly  distributed  safe  loads 
for  rectangular  sections  one  inch  thick;  the  safe  load  for  a  beam  of 
any  thickness  is  found  by  multiplying  the  tabular  value  by  the 
thickness  of  the  beam  in  inches.  The  safe  loads  include  the  weight 
of  the  beams  and  are  computed  on  the  assumption  that  the  beams 
are  braced  against  lateral  deflection.  These  tables  also  give  mini.- 
mum  and  maximum  spans  and  coefficients  of  deflection. 

The  maximum  safe  loads  as  limited  by  the  allowable  shearing 
stresses  along  horizontal  axes  of  beams  have  been  calculated  from 
the  formula:  Maximum  safe  load  =  %  x  area  of  section  x  safe 
unit  stress  for  longitudinal  shear.  These  limits,  indicated  also  by 
horizontal  lines  in  the  tables,  should  not  be  exceeded  to  avoid 
failure  of  the  beam  in  horizontal  direction  of  the  grain  of  the  wood. 

The  theoretical  deflection  in  the  center  of  the  span  for  uniformly 
distributed  and  permanently  applied  loads  is  obtained  from  the 
coefficients  of  deflection  by  dividing  the  depth  of  the  beam,  in 
inches,  into  the  corresponding  coefficient;  the  result  obtained  only 
approximates  the  actual  deflection,  as  the  modulus  of  elasticity 
varies  with  the  moisture  content  of  the  wood. 

The  deflection  of  beams  intended  to  carry  plastered  ceilings  should 
not  exceed  Vsao  of  the  span;  the  table  gives  the  maximum  spans  for 
this  limit,  for  uniformly  distributed  and  permanently  applied  loads. 

For  loads  concentrated  in  the  center  of  the  span,  use  one-half  the 
values  for  the  tabular  loads  and  four-fifths  of  the  coefficients  of 
deflection.     For  special  cases  of  loading,  see  pages  183  to  188. 

Example  1. — Required  the  thickness  and  the  approximate  deflection  of  a 
beam  of  white  oak,  14  inches  deep,  supporting  a  vmiformly  distributed  and 
permanent  dead  and  live  load  of  10,000  poimds  over  a  span  of  19  feet. 

The  tabular  value  for  a  beam  one  inch  thick  and  for  a  span  of  19  feet  is 
1,261  pounds;  the  required  thickness  is  therefore  10,000^1,261=8  inches,  and 
the  deflection  is  20.72-^14=1.48  inches. 

Example  2. — Required  the  safe  load  of  abeam  of  white  pine,  8  inches 
deep  and  6  inches  tliick,  without  exceeding  the  longitudinal  shearing  stress. 

The  table  gives  for  a  corresponding  beam  1  inch  thick  a  safe  load  of  747 
pounds;  the  total  safe  load  is  therefore  6  x  747=4,482  poimds,  or  the  safe  load 
which  can  be  safely  supported  over  a  span  of  8.6  feet. 

Example  3. — Required  the  safe  load,  concentrated  in  the  center  of  a  span 
26  feet  long,  and  the  deflection  of  a  beam  of  longleaf  pine,  18  inches  deep  and 
12  inches  thick. 

The  table  gives  for  a  corresponding  beam  1  inch  thick  a  imiformly  distri- 
buted safe  load  of  1,800  pounds,  or  for  a  load  in  center  of  span  1,800-^2=900 
poiuids;  for  a  beam  12  inches  wide  the  safe  load  is  therefore  900  x  12  =  10,800 
pounds,  and  the  deflection  is  approximately  Vs  x  32.75-^18=1.46  inches. 
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RECTANGULAR    WOODEN    BEAMS— ONE    INCH    THICK 
Maximum  Safe  Loads  and  Limiting  Spans 


1           White          Lonsleaf 

Shortieaf          White 

Douglas 

Western 

Spruce 

S 

•3-S 

Oak        1       Pine 

Pine               Pine 

Fir 

Hemlocli 

Max.   Min.    Max. 

Min. 

Max. 

Min. 

•  Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

Max. 

Min. 

■^"^  1  Load,  Span,  I  Load, 

Span, 

Load, 

Span, 

Load, 

Span, 

Load, 

Span, 

Load, 

Span, 

Load, 

Span, 

a 

Lbs. 

Ft. 

Lbs. 

n. 

Lbs. 

l''t. 

Lbs. 

J-'t. 

Lbs. 

ft. 

Lbs. 

Ft. 

Lbs. 

ft. 

2 

293 

1.7 

320 

1.8 

347 

1.4 

187 

2.1 

293 

1.8 

267 

1.8 

187 

2.4 

4 

587 

3.3 

640 

3.6 

69;^ 

2.8 

373 

4.3 

587 

3.6 

533 

3.7 

373 

4.8 

6 

880 

5.0 

960 

5.4 

104(1 

4.2 

560 

<i.4 

880 

5.5 

8O0 

5.5 

560 

7.1 

8 

1173 

6.7 

1280 

7.2 

1387 

5.6 

747 

8.6 

1173 

7.3 

1067 

7.3 

747 

9.5 

10 

1467 

8.4 

1600 

9.0 

1733 

7.1 

933 

10.7 

1407 

9.1 

1333 

9.2 

933 

11.9 

12 

1 7fi0 

10.0 

1920'  10.8 

2()8C 

8.5 

1120 

12.9 

1760 

10.9 

lOOC 

11.0 

1120 

14.3 

14 

2053 

11.7;  22401  12.6  2427 

9.9 

1307 

15.0 

2()5,S 

12. S 

1867 

12.8 

1307 

16.7 

IH 

2347 

13.4  2500 

14.4!  27731  11.3 

1493 

17.1 

2347 

14.(1 

2133 

14.7 

1493 

19.0 

18 

2640 

15.0!  2S80 

16.3  3120 

12.7 

1680 

19.3 

2640 

16.4 

24O0 

16.5 

1 680 

21.4 

20 

2933 

10.7  3200 

18.1  3467 

14.1 

1867 

21.4 

2933 

18.2 

2667 

18.3 

1867 

23.8 

22 

3227i  18.-1 1  3520 

19.9  3813 

15.5 

2053 

23.6 

3227 

20.0 

2933 

20.2 

2053 

26.2 

24 

3520'  20.0  3840 

21.7  4160 

16.9 

2240 

25.7 

3520 

21.9 

3200 

22.0 

2240 

28.6 

COE 

rPICIENTS 

OF  Deflection 

FOR 

Permanent  Loads 

Short- 

Short- 

Span 

White 

Long- 
leaf 

leaf 
Pine, 

White 
Pine, 

Spruce 

Span 

White 

Long- 
leaf 

leaf 
Pine, 

White 
Pine, 

Spruce 

Feet 

Oak 

Pine 

Wpstern 

Douglas 

Feet 

Oak 

Pine 

Western  Douglas 

Hem- 

Fir 

Hem- 

Fir 

lock 

lock 

1 

0.06 

0.05 

0.05 

0.05 

0.05 

21 

25.31 

21.37 

19.67 

21.05 

20.20 

2 

0.23 

0.19 

0.18 

0.19 

0.18 

22 

27.78 

23.44 

21.59 

23.10 

22.17 

3 

0.52 

0.44 

0.40 

0.43 

0.41 

23 

30.37 

25.63 

23.59 

25.25 

24.23 

4 

0.92 

0.78 

0.71 

0.76 

0.73 

24 

33.06 

27.91 

25.69 

27.49 

26.38 

6 

1.44 

1.21 

1.12 

1.19 

1.15 

25 

35.88 

30.28 

27.88 

29.83 

28.63 

6 

2.07 

1.74 

1.61 

1.72 

1.65 

26 

38.80 

32.75 

30.15 

32.27 

30.96 

7 

2.81 

2.37 

2.19 

2.34 

2.24 

27 

41.85 

35.32 

32.51 

34.80 

33.39 

8 

3.67 

3.10 

2.85 

3.06 

2.93 

28 

45.00 

37.99 

34.97 

37.42 

35.91 

9 

4.65 

3.92 

3.61 

3.87 

3.71 

29 

48.27 

40.75 

37.51 

40.14 

38.52 

10 

5.74 

4.85 

4.46 

4.77 

4.58 

30 

51.66 

43.61 

40.14 

42.96 

41.22 

11 

6.95 

5.86 

5.40 

5.78 

5.54 

31 

55.16 

46.56 

42.86 

45.87 

44.01 

12 

8.27 

6.98 

6.42 

6.87 

6.60 

32 

58.78 

49.61 

45.67 

48.88 

46.90 

13 

9.70 

8.19 

7.54 

8.07 

7.74 

33 

62.51 

52.70 

48.57 

51.98 

49.88 

14 

11.25 

9.50 

8.74 

9.36 

8.98 

34 

66.35 

56.01 

51.56 

55.18 

52.95 

15 

12.92 

10.90 

10.04 

10.74 

10.31 

35 

70.32 

59.35 

54.04 

58.47 

56. 1 1 

16 

14.69 

12.40 

11.42 

12.22 

11.73 

36 

74.39 

62.79 

57.80 

61.86 

59.36 

17 

16.59 

14.00 

12.89 

13.79 

13.24 

37 

78.58 

66.33 

61.06 

65.34 

02.70 

18 

18.60 

15.70 

14.45 

15.47 

14.84  ! 

38 

82.89 

69.96 

64.40 

68.92 

66.14 

19 

20.72 

17,49 

16.10 

17.23 

16..53  j 

39 

87.31 

73.69 

67.84 

72.60 

69.66 

20 

22.96 

19.38 

17.84 

19.09 

18.32 

40 

91.84 

77.52 

71.36 

76.37 

73.28 

Maximum  Spans  in  Feet  for  Deflections  =  %6o  Span 


Species  of  Timber 


White  Oak 
Longleaf  Pine 
Shortieaf  Pine.  Hemlock 
White  Pine,  Douglas  Fir 
Spruce 


Depth  of  Beam  in  Inches 


2       4        6 


10      12      14      16      18     20      22      24 


8.1  9.3 
O.till.O 

10.5jl2.0 
9.811.2 

10.2)11.6 


10.6 
12.4 
13.5 
12.6 
13.L 


11.6 
13.8 
15  0 


12.8 
15.1 
16.4 


14.0115.4 
14.6ll6.0 


13.9 
16.5 
17.9 
16.7 
17.5 
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RECTANGULAR    WOODEN    BEAMS— ONE    INCH    THICK 

DOUGLAS  FIR 

Allowable  Uniform  Load  in  Pounds 

Maximum  Bending  Stress,  1200  Pounds  per  Square  Inch 

Span 

Depth  of  Beam  in  Inches 

Feet 

2 

4 

6 

8 

10 

12 

14    . 

16 

18 

20 

22 

24 

2 
3 
4 
5 

293 

B87 

267 
178 
133 
107 

533 
427 

6 
7 
8 
9 
10 

89 
76 
67 

356 
305 
267 
237 
213 

880 

117S 

1467 

800 
686 
600 
533 
480 

1067 
948 
853 

1333 

11 
12 
13 
14 
15 

194 
178 

436 
400 
369 
343 
320 

776 
711 
656 
610 
669 

1212 

1111 

1026 

952 

889 

17fiO 

2053 

2347 

1745 
1600 
1477 
1371 
1280 

2010 

1867 
1742 

2276 

16 
17 
18 
19 
20 

300 

533 

502 
474 
449 
427 

833 
784 
741 
702 
667 

1200 
1129 
1067 
1011 
960 

1633 
1537 
1452 
1375 
1307 

2133 
2008 
1896 
1796 
1707 

2640 

sons 

3227 

2541 
2400 
2274 
2160 

2807 
2667 

3227 

21 
22 
23 
24 
25 

635 
606 
580 
556 

914 

873 
835 
800 
768 

1244 
1188 
1136 
1089 
1045 

1625 
1552 
1484 
1422 
1365 

2057 
1964 

1S78 
1800 

1728 

2540 
2424 
2319 
2222 
2133 

3073 
2933 
2806 
2689 
2581 

3520 

3491 
3339 
3200 
3072 

26 

27 
28 
29 
30 

738 
711 
686 

1005 
968 
933 
901 
871 

1313 
1264 
1219 
1177 
1138 

1662 
1600 
1543 
1490 
1440 

2051 
1975 
1905 
1839 

1778 

2482 
2390 
2305 
2225 
2151 

2954 
2844 
2743 
2648 
2560 

31 
32 
33 
34 
35 

843 

817 

1101 

1067 

1034 

1004 

975 

1394 
1350 
1309 
1271 
1234 

1720 
1667 
1616 
1569 
1524 

2082 
2017 
1956 
1898 
1844 

2477 
2400 
2327 
2259 
2194 

36 
37 
38 
39 
40 

948 

1200 
1168 
1137 
1108 
1080 

1481 
1441 
1404 
1368 
1333 

1793 
1744 
1698 
1655 
1613 

2133 
2076 
2021 
1969 
1920 

Horizontal  lines  indicate  the  limit  for  resistance  to  shear  in  the  horizontal  direction  of  the  grain.  | 

TIMBER 

SAFE    LOADS 

RECTANGULAR 

WOODEN    BEAMS— ONE    INCH    THICK 

LONGLEAF   PINE 

Allowable  Uniform  Load  in  Pounds 

Maximum  Bending  Stress,  1300  Pounds  per  Square  Inch 

Span 

Depth  of  Beam  in  Inches 

Feet 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

2 
3 
4 
5 

320 

640 

289 
193 
144 
116 

578 
462 

6 
7 
8 
9 
10 

96 
83 
72 

385 
330 
289 
257 
231 

960 

1280 

1600 

867 
743 
650 
578 
520 

1156 

1027 

924 

1444 

11 
12 
13 
14 
15 

210 
193 

473 
433 
400 
371 
347 

840 
770 
711 
660 
610 

1313 
1204 
1111 
1032 
963 

1020 

2240 

2560 

1S91 
1733 
1600 
1486 
1387 

2178 
2022 

1887 

2465 

16 
17 
18 
19 
20 

325 

578 
544 
514 
487 
462 

903 

850 
802 
760 
722 

1300 
1224 
1156 
1095 
1040 

1769 
1665 
1573 
1490 
1416 

2311 

2175 
2054 
1940 
1849 

2830 

3200 

2753 
2600 
2463 
2340 

3041 
2889 

RS20 

3496 

21 
22 
23 
24 
25 

688 
657 
628 
602 

991 
945 
904 
867 
832 

1348 
1287 
1231 
1180 
1132 

1761 
1681 
1608 
1541 
1479 

2229 
2127 
2035 
1950 
1872 

2751 
2626 
2512 
2407 
2311 

3329 

3178 
3040 
2913 
2796 

8840 

3782 
3617 
3467 
3328 

26 

27 
28 
29 
30 

800 
770 
743 

1089 

1049 

1011 

976 

944 

1422 
1370 
1321 
1275 
1233 

1800 
1733 
1071 
1614 
1560 

2222 
2140 
2064 
1992 
1926 

2689 
2589 
2497 
2411 
2330 

3200 
3082 
2971 
2869 
2773 

31 
32 
33 
34 
35 

913 

885 

1193 
1156 
1121 

loss 

1057 

1510 
1463 
1418 
1377 
1337 

1864 
1806 
1751 
1699 
1651 

2255 
2185 
2119 
2056 
1998 

2684 
2600 
2521 
2447 
2377 

36 
37 
38 
39 
40 

1027 

1300 
1265 
1232 
1200 
1170 

1605 
1562 
1521 
1482 
1444 

1942 
1890 
1840 
1793 
1748 

2311 
2249 
2189 
2133 
2080 

Ho 

rizontal 

lines  in 

dicatet 

le  limit  for  resistance  to  shear  in  the  horizontal  direction  of  the  grain. 
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CARNEGIE    STEEL    COMPANY 


RECTANGULAR    WOODEN    BEAMS— ONE    INCH    THICK 

SHORTLEAF  PINE,  WESTERN  HEMLOCK  AND  WHITE  OAK 

Allowable  Uniform  Load  in  Pounds 
Maximum  Bending  Stress,  1100  Pounds  per  Square  Inch 

Span 
in 

Feet 

Depth  of  Beam  in  Inches 

2 

4 

6 

8 

10 

12 

14         16         18 

20 

22 

24 

2 

3 

4 

5 

6 

7 

8 

9 
10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 

31 
32 
33 
34 
35 
36 
37 
38 
39 
40 

347 

693 

1040 

13S7 

1733 

2080 

2427 

S4C7 

3813 

4160 

245 
163 
122 
98 
82 
70 
61 

652 
"489" 
391 
326 
279 
245 
217 
196 
178 
163 

880 

733 
629 
550 
489 
440 
400 
367 
338 
314 
293 
275 

1304 

1117 
■■97s' 
869 
782 
711 
652 
602 
559 
522 
489 
460 
435 
412 
391 

1528 

1358 

1956 

2773 

3120 

1222 
1111 
1019 
940 
873 
816 
764 
719 
679 
643 
611 
583 
556 
531 
509 

1760 

2396 
2178 

IGOO 

1467 

1354 

1257 

1173 

1100 

1035 

978 

926 

880 

838 

800 

765 

733 

704 

677 

652 

629 

1996 

2607 
2407 

1843 

1711 

1597 

1497 

1409 

1331 

1261 

1198 

1141 

1089 

1042 

998 

958 

921 

887 

856 

826 

799 

773 

749 

3046 

2829 

2235 

2086 

1956 

1841 

1738 

1647 

1564 

1490 

1422 

1361 

1304 

1252 

1203 

1159 

1118 

1079 

1043 

1009 

978 

948 

920 

894 

869 

2640 
2475 

3259 
3055 

3697 
3480 
3287 

2329 
2200 
2084 
1980 
1886 
1800 
1722 
1650 
1584 
1523 
1467 
1414 
1366 
1320 

1278 
1238 
1200 
1165 
1131 
1100 
1070 
1042 
1015 
990 

2876 
2716 

4141 
3911 
3705 
■3520" 
3352 
'3200' 
3061 
2933 
2816 
2708 
2608 
2514 
2428 
2348 
2271 
2200 
2133 
2071 
2011 
1956 
1903 
1853 
1805 
1760 

2573 
2444 
2328 
2222 
2126 
2037 
1956 
1880 
1811 
1746 
1686 
1630 
1577 
1528 
1482 
1438 
1397 
1358 
1321 
1287 
1254 
1222 

3113 
2958 

2817 
2689 
2572 
2465 
2366 
2275 
2191 
2113 
2040 
1973 
1908 
1849 
1793 
1740 
1690 
1643 
1599 
1557 
1517 
1479 

u 

borizoc 

Dper,  middle,  and  lowe 
ital  direction  of  the  grai 

horizo 
n  of  She 

ntal  lin 
)rtleaf  i 

es  indicate  the  limits  for  resistance  to   shear  in  the 
'ine.  White  Oak,  and  Hemlock  respectively. 
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TIMBER 

SAFE  LOADS 

RECTANGULAR   WOODEN    BEAMS— ONE    INCH    THICK 

WHITE  PINE 

Allowable 

Uniform  Load  ix  Pounds 

Maximum  Bending  Stress,  900  Pounds  per  Square  Inch 

Span 

Depth  of  Beam  in  Inches 

Feet 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22         24 

2 

3 

4 

.  5 

187 

133 

100 

80 

373 

320 

6 
7 
8 
9 
10 

67 
57 
50 

267 
229 
200 
178 
160 

560 

747 

514 
450 
400 
360 

711 
640 

11 
12 
13 
14 
15 

145 
133 

327 
300 

277 
257 
240 

582 
533 

492 
457 
427 

933 

1120 

1307 

909 
833 
769 
714 
667 

1108 

1029 

960 

1307 

16 
17 
18 
19 
20 

225 

400 
377 
356 
337 
320 

625 
588 
556 
526 
500 

900 

847 
800 
758 
720 

1225 
1153 
1089 
1032 
980 

1493 

1680 

1422 
1347 
1280 

1620 

21 
22 
23 
24 
25 

476 
455 
435 
417 

686 
655 
626 
600 
576 

933 

891 
852 
817 
784 

1219 
1164 
1113 
1067 
1024 

1543 
1473 
1409 
1350 
1296 

1867 

2053 

1818 
1739 
1667 
1600 

2017 
1936 

26 

27 
28 
29 
30 

554 
533 
514 

754 
726 
700 
676 
653 

985 
948 
914 
883 
853 

1246 
1200 
1157 
1117 
1080 

1538 
1481 
1429 
1379 
1333 

1862 
1793 
1729 
1669 
1613 

2240 

2215 
2133 
2057 
1986 
1920 

31 
32 
33 
34 
35 

632 
613 

826 
800 
776 
753 
731 

1045 

1013 

982 

953 

926 

1290 
1250 
1212 
1176 
1143 

1561 
1513 
1467 
1424 
1383 

1858 
1800 
1746 
1694 
1646 

36 
37 
38 
39 
40 

711 

900 
876 
853 
831 
810 

1111 
1081 
1053 
1026 
1000 

1344 
1308 
1274 
1241 
1210 

1600 
1557 
1516 
1477 
1440 

He 

rizontal  lines  indicate  the  limit 

for  resistance  to  shear  in  the  horizontal  direction  of  the  grain. 
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CARNEGIE    STEEL    COMPANY 


RECTANGULAR    WOODEN    BEAMS— ONE    INCH    THICK 

SPRUCE 

Allowable 

Uniform  Load  in  Pounds 

Maximum  Bending  Stress,  1000  Pounds  per  Square  Inch 

Span 
in 

Depth  of  Beam  in  Inches 

Feet 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 

2 
3 
4 

5 

187 

373 

148 

111 

89 

356 

6 

7 

8 

9 

10 

74 
63 
56 

296 

254 
222 
198 
178 

560 

747 

500 
444 
400 

711 

11 
12 
13 
14 
15 

162 
148 

364 
333 

308 
286 
267 

646 
593 
547 
508 
474 

933 

1120 

926 
855 
794 
741 

1067 

16 
17 
18 
19 
20 

250 

444 
418 
395 
374 
356 

694 
654 
617 
585 
556 

1000 
941 
889 
842 
800 

1307 

1493 

1281 
1210 
1146 
1089 

1422 

21 
22 
23 
24 
25 

529 
505 

483 
463 

762 
727 
696 
667 
640 

1037 
990 
947 
907 
871 

1354 
1293 
1237 
1185 
1138 

1680 

1867 

1636 
1565 
1500 
1440 

1852 
1778 

26 
27 
28 
29 
30 

615 
593 
571 

838 
807 
778 
751 
726 

1094 

1053 

1016 

981 

948 

1385 
1333 
1286 
1241 
1200 

1709 
1646 
1587 
1533 
1481 

2053 

2240 

1992 
1921 
1854 
1793 

2207 
2133 

31 
32 
33 
34 
35 

1 

703 

681 

918 
889 
862 
837 
813 

1161 
1125 
1091 
1059 
1029 

1434 
1389 
1347 
1307 
1270 

1735 
1681 
1630 
1582 
1537 

2065 
2000 
1939 
1882 
1829 

36 
37 
38 
39 
40 

790 

1000 
973 
947 
923 
900 

1235 
1201 
1169 
1140 
1111 

1494 
1453 
1415 
1379 
1344 

1778 
1730 
1684 
1641 
1600 

H 

arizoDtal  lines  in 

dicate ; 

helimi 

for  resistance  to  shear  in  the  horizontal  direction  of  the  grain. 
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TIMBER  SAFE  LOADS 


WOODEN  COLUMNS 

The  safe  load  tables  of  wooden  columns  which  follow,  based 
upon  the  working  unit  stresses  adopted  by  the  American  Railway 
Engineering  Association,  give  the  allowable  direct  compressive 
loads  for  square  and  round  columns. 

The  safe  loads  of  rectangular  columns  may  be  found  from  the 
safe  loads  of  square  columns  by  direct  proportion  of  areas,  using 
the  safe  load  unit  stress  of  the  square  column  whose  side  is  equal 
to  the  least  side  of  the  rectangular  section. 

The  following  table  gives  the  safe  load  in  pounds  per  square  inch 
of  sectional  area  for  ratios  of 

J effective  length  of  column,  in  inches 

d       least  side  or  diameter,  in  inches        ' 
ranging  between  limits  of  15  and  30. 

Unit  Working  Stresses  ix  Pounds  per  Square  Inch 


Longleaf 

Douglas  Fir, 

Pine, 

White  Pine, 

Red  C€dar, 

Norway 

1 

d 

Pine, 
White  Oak 

Western 
Hemlock 

Spruce, 
Bald  Cypress 

Tamarack 

Redwood 

Pine 

1300(1— i/deo) 

1200(1— l/d60) 

1100(1— l/d60) 

1000(1— l/d60) 

900  (1— l/d60j 

800(1— l/d60) 

15 

975 

900 

825 

750 

675 

600 

16 

953 

880 

807 

733 

660 

587 

17 

931 

860 

788 

717 

645 

573 

18 

910 

840 

770 

700 

630 

560 

19 

888 

820 

752 

683 

615 

547 

20 

867 

800 

733 

667 

600 

533 

21 

845 

780 

715 

650 

585 

520 

22 

823 

760 

697 

633 

570 

507 

23 

802 

740 

678 

617 

555 

493 

24 

780 

720 

660 

600  , 

540 

480 

25 

758 

700 

642 

583 

525 

467 

26 

737 

680 

623 

507 

510 

553 

27 

715 

660 

605 

550 

495 

440 

28 

693 

640 

587 

533 

480 

427 

29 

672 

620 

568 

517 

465 

413 

30 

650 

600 

550 

500 

450 

400 

Example  1. — Required  the  allowable  load  for  a  column  of  white  oak 
10"  X  8",  14  feet  long. 

The  safe  load  given  in  the  table  for  a  square  white  oak  column  8"  x  8", 
14  feet  long,  is  54,100  pounds.  The  load  for  the  10"  x  8"  section  is 
10  X  54,100  ^  8  =  67,600  pounds. 

Example  2. — Required  the  allowable  load  for  a  spruce  pile,  9"  diameter 
and  18  feet  long. 

The  imit  stress  given  in  the  above  table  for  the  corresponding  ratio  of 
1/d,  18  X  12  -^  9  ^  24  is  060  pounds,  and  the  sectional  area  for  a'9"  round  la 
63.62  square  inches.     The  safe  load,  therefore,  is  63.62  x  660=42,000  pounds. 
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CARNEGIE 

STEEL    COMPANY 

SQUARE  WOODEN  COLUMNS 

Safe  Loads  in  Thousands  of  Pounds 

American  Railway  Engineering  Association  Formulas 

Length, 
Feet 

Side  of  Square,  Inches 

4 

6 

8 

10 

12 

14 

16 

18 

20 

<:«  1 

5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 

15.6 

35.1 

C2.4 

97.5 

140.4 

191.1 

249.6 

315.9 

390.0 

15.6 
14.6 
13.5 
12.5 
11.4 
10.4 

34.3 
32.8 
31.2 
29.6 
28.1 
25.0 

62.4 
60.3 
58.2 
54.1 
49.9 
45.8 
41.6 

93.6 

88.4 
83.2 
78.0 

137.3 
131.0 
124.8 

189.3 
182.0 

249.6 

ip 

5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 

14.4 

32.4 

57.6 

90.0 

129.6 

176.4 

230.4 

291.6 

360.0 

14.4 
13.4 
12.5 
11.5 
10.6 
9.6 

31.7 
30.2 
28.8 
27.4 
25.9 
23.0 

57.6 
55.7 
53.8 
49.9 
46.1 
42.2 
38.4 

86.4 
81.6 
76.8 
72.0 

126.7 
121.0 
115.2 

174.7 
168.0 

230.4 

«    o 

O     ■-' 
01 

5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 

13.2 

29.7 

52.8 

82.5 

118.8 

161.7 

211.2 

267.3 

330.0 

13.2 
12.3 
11.4 
10.6 
9.7 
8.8 

29.0 
27.7 
26.4 
25.1 
23.8 
21.1 

52.8 
51.0 
49.3 
45.8 
42.2 
38.7 
35.2 

79.2 
74.8 
70.4 
66.0 

116.2 
110.9 
105.6 

160.2 
154.0 

211.2 

5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 

12.0 

27.0 

48.0 

75.0 

108.0 

147.0 

192.0 

243.0 

300.0 

12.0 

11.2 

10.4 

9.6 

8.8 
8.0 

26.4 
25.2 
24.0 
22.8 
21.6 
19.2 

48.0 
46.4 
44.8 
41.6 
38.4 
35.2 
32.0 

72.0 
68.0 
64.0 
60.0 

105.6 

100.8 

96.0 

145.6 
140.0 

192.0 

Loa 

kds  in  sma 

11  figures 

above  horizontal  li 

nes  are  the  maximum  allowable  safe  loads. 
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TIMBER  SAFE  LOADS 


ROUND  WOODEN  COLUMNS 

Safe  Loads  in  Thousands  of  Pounds 
American  Railway  Engineering  Association  Formulas 

Length, 
Feet 

Diameter,  Inches 

4 

6 

8 

10 

12 

14 

16 

18 

20 

LONGLEAF  PINE, 
WHITE  OAK 

1300  (1—1/60(1) 

5 
6 

7 
8 
9 
10 
11 
12 
14 
16 
18 
20 

12.3 

27.6 

49.0 

76.6 

110.3 

150.1 

196.0 

248.1 

30G.3 

12.3 

11.4 

10.6 

9.8 

9.0 

8.2 

27.0 
2,5.7 
24.5 
23.3 
22.1 
19.6 

49.0 
47.4 
45.7 
42.5 
39.2 
35.9 
32.7 

73.5 
69.4 
65.3 
61.3 

107.8 

102.9 

98.0 

14S.7 
142.9 

196.0 

•^  CD  1-1 

5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 

11.3 

25.4 

45.2 

70.7 

101.8 

181.0 

229.0 

282.7 

11.3 
10.6 
9.8 
9.1 
8.3 
7.5 

24.9 
23.7 
22.6 
21.5 
20.4 
18.1 

45.2 
43.7 
42.2 
39.2 
36.2 
33.2 
30.2 

67.9 
64.1 
60.3 
56.5 

99.5 

138.5 

95.0 
90.5 

137.2 
132.0 

181.0 

SHORTLEAP  PINE, 
SPRUCE 

1100  (1— l/OOd) 

5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 

10.4 

23.3 

41.5 

64.8 

93.3 

127.0 

165.9 

209.9 

2.';9.2 

10.4 
9.7 
9.0 
8.3 
7.6 
6.9 

22.8 
21.8 
20.7 
19.7 
18.7 
16.6 

41.5 
40.1 
38.7 
35.9 
33.2 
30.4 
27.6 

62.2 
58.7 
55.3 
51.8 

91.2 
87.1 
82.9 

125.8 
121.0 

165.9 

^2 

5 

6 

7 

8 

9 

10 

11 

12 

14 

16 

18 

20 

9.4 

21.2 

37.7 

58.9 

84.8 

115.5 

150.8 

190.9 

235.6 

9.4 

8.8 
8.2 
7.5 
6.9 
6.3 

20.7 
19.S 
18.9 
17.9 
17.0 
15.1 

37.7 
36.4 
35.2 
32.7 
30.2 
27.6 
25.1 

56.5 
53.4 
50.3 
47.1 

82.9 
79.2 
75.4 

114.4 
110.0 

150.8 

Loa 

da  in  sm: 

ill  figures 

above  horizontal  lines  are  the  maximum  allowable  safe  loads. 

343 


CARNEGIE  STEEL  COMPANY 


SPECIFIC  GRAVITIES  AND  WEIGHTS 


Substance 


Metals,  Alloys,  Ores 


Aluminum,  cast-hammered. 

"  bronze 

Antimony 

Arsenic 

Bismutli 

Brass,  cast-rolled 

Bronze,  7.9  to  14%  Sn. . . . 

Chromium '  6.80-6.92 

Cobalt 1  8.72-8.95 

Copper,  cast-rolled 8.8-9.0 


Soecific 
Gravity 


2.55-2.75 

7.7 

6.62-6.72 

5.73 

9.70-9.78 
8.4-8.7 
7.4-8.9 


ore,  pyrites. 
Gold,  cast-hammered . 

Iron,  cast,  pig 

"     wrought 


-eiaen 

f  erro-silicon 

"     ore,  hematite 

"        "  "      in  bank. 

"  "      loose. . . 

"        "  limonite 

"        "  magnetite 

"    slag 

Lead 

"   ore,  galena 

Magnesium 

Manganese 

ore,  pyrolusite. . 

Mercury 

Molybdenum 

Nickel 

"     monel  metal -. 

Platinum,  cast-hammered. . 
Silver,  cast-hararaered.  . . . 
Tin,  cast^hammered 

"    babbit  metal 

"    ore,  cassiterite 

Tungsten 

Vanadium 

Zinc,  cast-rolled 

"     ore,  blende 


Various  Solids 

Carbon,amorphous,graphitic 

Cork 

Ebony 

Fats 

Glass,  common,  plate.. . 

"      crystal 

"      flint  .  .  .  ._ 

Phosphorus,   white 

Porcelain,  china 

Resins,  Rosin,  Amber.  . 
Rubber,  caoutchouc.   .  . 

Silicon 

Sulphur,  amorphous. .  .  . 
Wax 


4.1-4.3 
19.25-19.35 

7.2 
7.6-7.9 
7.8-7.9 

7.5 
6.7-7.3 

5.2 


3.6-4.0 

4.9-5.2 

2.5-3.0 

11.28-11.35 

7.3-7.6 

1.74 

7.20-7.42 

3.7-4.6 

13.59 

9.01 

8.57-8.90 

8.8-9.0 

21.1-21.5 

10.4-10.6 

7.2-7.5 

7.1 
6.4-7.0 
18.7-19.1 
5.5-5.7 
6.9-7.2 
3.9-4.2 


Weight, 
Pounds 

per 
Cu.  Ft. 


1.88-2.25 

0.24 

1  22 
0.92-0.94 
2.40-2.72 
2.90-3.00 
3.15-3.90 

1.83 
2.30-2.50 

1.07 

0.93 

2.49 

2.05 
0.95-0.98 


165 
481 
416 
358 
608 
534 
509 
428 
552 
558 
262 
1205 
450 
4S5 
490 
468 
437 
325 
160-180 
130-160 
237 
315 
172 
706 
465 
109 
456 
259 
848 
562 
545 
556 
1330 
656 
459 
443 
418 
1180 
350 
440 
253 


129 
15 

76 
58 
160 
184 
220 
114 
150 
67 
58 
155 
128 
00 


Substance 


Timber,  U.  S.  Seasoned 

Ash,  white-red 

Cedar,  white-red 

Chestnut 

Cypress 

Fir,  Douglas  spruce 

"    eastern 

Elm,  white 

Hemlock 

Hickory 

Locust 

Maple,  hard 

"      white 

Oak,  chestnut 

"     live 

"     red,  black 

"     white 

Pine,  Oregon 

"     red 

"     white 

yellow,  long-leaf 

"  "      short-leaf... . 

Poplar 

Redwood,  California 

Spruce,  white,  black 

Walnut,  black 

"       white 

Moisture  Contents: 
Seasoned  timber  15  to  20% 
Green  timber  up  to  50%.  . . 

Various  Liquids 

Alcohol,  100% 

Acids,  muriatic     40% .... 

■'      nitric  91% 

"      sulphuric    87% 

Lye,  soda 66% 

Oils,  vegetable 

"     mineral,  lubricants. . . 

Petroleum 

Gasoline 

Water,  4°C,  ma.x.  density. . 
"       lOO-C 


snow,  fresh  fallen . 
sea  water 


Gases,  Air  =  1 

Air,  0°C,  760  mm 

Ammonia 

Carbon  dioxide 

Carbon  monoxide 

Gas,  illuminating 

"     natural 

Hydrogen 

Nitrogen 

Oxygen 


Specific 
Gravity 


0.62-0.65 
0.32-0.38 

0.36 

0.48 

0.51 

0.40 

0.72 
0.42-0.52 
0.74-0.84 

0.73 

0.68 

0.53 

0.86 

0.95 

0.65 

0.74 

0.51 

0.48 

0.41 

0.70 

0.61 

0.48 

0.42 
0.40-0.46 

0.61 

0.41 


0.79 

1.20 

1.50 

1.80 

1.70 
0.91-0.94 
0.90-0.93 

0.88 

0.66-0.69 

1.0 

0.9584 

0.88-0.92 

.125 
1.02-1.03 


1.0 
0.5920 
1.5291 
0.9673 
0.35-0.45 
0.47-0.48 
0.0693 
0.9714 
1.1056 


The  specific  gravities  of  solids  and  liquids  refer  to.water  at  4°C.,  those  of  gases  to  air  at  0°C. 
and  760  mm  pressure.  The  weights  per  cubic  foot  are  derived  from  average  specific  gravities, 
except  where  stated  that  weights  are  for  bulk,  heaped  or  loose  material,  etc. 
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PHYSICAL  PROPERTIES  OF  SUBSTANCES 


SPECIFIC  GRAVITIES  AND  WEIGHTS 


Substance 


Minerals 

Asbestos 

Barytes 

Basalt 

Bauxite 

Borax 

Chalk 

Clay,  marl 

Dolomite 

Feldspar,  orthoclase . . . . 

Gneiss,  serpentine 

Granite,  syenite 

Greenstone,  trap 

Gypsum,  alabaster 

Hornblende 

Limestone,  marble 

Magnesite 

Phosphate  rock,  apatite . 

Porphyrj' 

Pumice,  natural 

Quartz,  flint 

Sandstone,  bluestone 

Shale,  slate 

Soapstone,  talc 


Stone,  Quarried,  Piled 

Basalt,  granite,  gneiss 

Limestone,  marble,  quartz . 

Sandstone 

Shale 

Greenstone,  hornblende . . . 

Bituminous  Substances 

Asphaltum 

Coal,  anthracite 

"      bituminous 

"     lignite 

"      peat,  turf,  dry 

"     charcoal,  pine 

"  "      oak 

"     coke 

Graphite 

Paraffine 

Petroleum,  crude 

"  refined  , 

"  benzine 

"  gasolene 

Pitch 

Tar,  bituminous 


Coal  and  Coke,  Piled 

Coal,  anthracite 

"      bituminous,  lignite . 

"      peat,  turf 

"      charcoal 

"     coke 


Weight, 

Specific 

Pounds 

Gravity 

per 

Cu.  Ft. 

2.1-2.8 

153 

4.50 

281 

2.7-3.2 

184 

2.55 

159 

1.7-1.8 

109 

1.8-2.6 

137 

1.8-2.6 

137 

2.9 

181 

2.5-2.6 

159 

2.4-2.7 

159 

2.5-3.1 

175 

2.8-3.2 

187 

2.3-2.8 

159 

3.0 

187 

2.5-2.8 

165 

3.0 

187 

3.2 

200 

2.6-2.9 

172 

0.37-0.90 

40 

2.5-2.8 

165 

2.2-2.5 

147 

2.7-2.9 

175 

2.6-2.8 

169 

96 

95 

82 

92 

107 

1.1-1.5 

81 

1.4-1.7 

97 

1.2-1.6 

84 

1.1-1.4 

78 

0.6.5-0.85 

47 

0.28-0.44 

23 

0.47-0.57 

33 

1.0-1.4 

75 

1.9-2.3 

131 

0.87-0.91 

56 

0.88 

55 

0.79-0.82 

50 

0.73-0.75 

46 

0.66-0.69 

42 

1.07-1.15 

69 

1.20 

75 

47-58 

40-54 

20-26 

10-14 

23-32 

Substance 


Ashlar  Masonry 

Granite,  syenite,  gneiss. . 

Limestone,  marble 

Sandstone,  bluestone . . . . 


Mortar  Rubble  Masonry 

Granite,  syenite,  gnt-iss .... 

Limestone,  marble 

Sandstone,  bluestone 

Dry  Rubble  Masonry 

Granite,  syenite,  gneiss. . . . 

Limestone,  marble 

Sandstone,  bluestone 

Brick  Masonry 

Pressed  brick 

Common  brick 

Soft  brick 


Concrete  Masonry 

Cement,  stone,  sand 

slag,  etc 

cinder,  etc 


Various  Building  Mat'l 

.\shes,  cinders 

Cement,  portland,  loose.  .  . 

"  "         Bet 

Lime,  gypsum,  loose 

Mortar,  set 

Slags,  bank  slag 

"         "    screenings .... 

"     machine  slag 

"     slag  sand 

Earth,  etc..  Excavated 

Clay,  dry 

"     damp,  plastic 

Clay  and  gravel,  dry 

Earth,  dry,  loose 

"  ''  packed 

"       moist,  loose 

"  "    packed 

"       mud,  flowing 

"  "    packed  

Riprap,  limestone 

"      sandstone 

"      shale 

Sand,  gravel,  dry,  loose 


wet. 


Excavations  in  Water 

Sand  or  gravel 

"      "     "     and  clay. . . 

Clay 

River  mud 

Soil 

Stone  riprap 


Specific 
Gravity 


2.3-3.0 
2.3-2.8 
2.1-2.4 

2.2-2.8 
2.2-2.6 
2.0-2.2 

1.9-2.3 
1.9-2.1 
1.8-1.9 

2.2-2.3 
1.8-2.0 
1.5-1.7 

2.2-2.4 
1.9-2.3 
1.5-1.7 


2.7-3.2 
1.4-1.9 


Weight, 

Poimds 

per 

Cu.  Ft. 


165 
160 
140 

155 

150 
1.30 

130 
125 
110 

140 
120 
100 

144 
130 
100 

40-45 
90 

183 
65-75 

103 
67-72 
98-117 

96 
49-55 

63 

110 

100 

76 

95 

78 

96 

108 

115 

80-85 

90 

105 

90-105 

100-120 

118-120 

60 
65 
80 
90 
70 
65 


The  specific  gravities  of  solids  and  liquids  refer  to  water  at  4°C.,  those  of  gases  to  air  at  O^C. 
and  760  mm  pressure.  The  weights  per  cubic  foot  are  derived  from  average  specific  gravities, 
except  where  stated  that  weights  are  for  bulk,  heaped  or  loose  material,  etc. 
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CARNEGIE  STEEL  COMPANY 


CONTENTS  OF  STORAGE  WAREHOUSES 


Material 


Pounds 

per 

Cubic  Foot 

of  Space, 


Produce,  Grain,  Fruit,  Etc. 

Grain,  in  bulk 

Barley  and  Corn 

Oats 

Rye  and  Wiieat 

Fruit  and  Vegetables,  in  bulk 

Apples,  Pears,  etc 

Potatoes,  Turnips,  etc 

Miscellaneous  Produce,  packed 

Beans,  in  bags 

Corn,  in  bags 

Cornmeal,  in  barrels 

Oats,  in  bags 

Rice,  in  bags 

Wheat,  in  bags 

Wheat  Flour,  in  barrels 

Hay,  in  bales,  not  compressed 

Hay,  in  bales,  compressed 

Straw,  in  bales,  compressed 

Groceries 

Miscellaneous  Articles,  packed 

B|Utter,  Lard,  etc.,  in  barrels 

Canned  Goods,  Preserves,  etc., in  cases 

Cheese 

Coffee,  green,  in  bags 

Coffee,  roasted,  in  bags 

Dates  and  Figs,  in  cases,  average. . . 
Meat,  Beef,  Pork,  etc.,  in  barrels. . . 

Molasses,  in  barrels 

Salt,  finely  ground,  in  sacks 

Soap  Powder,  in  cases 

Starch,  in  barrels 

Sugar,  in  barrels 

Tea,  in  chests 

Wines,  Liquors,  etc.,  in  barrels 

Dry  Goods,  Cotton,  Wool,  Etc. 

Cotton,  in  Iiales,  compressed,  average. . 

"        unbleached  goods,  in  bales 

"       tickings  and  duck,  in  bales.  . . . 

"       printed  goods,  in  bales 

"        printed  goods,  in  cases 

"       quilts  and  fianuels,  in  cases. . . . 

"        yarn,  in  cases 

Hemp,  in  bales,  compressed 

"       Manila,  in  bales,  compressed.  .: 

"       Sisal,  in  bales,  compressed 

"       Tow,  in  bales,  compressed 

"       Burlaps,  in  bales,  compressed. . . 

Jute,  in  bales,  compressed 

Linen,  bleached  goods,  in  cases 

damask  goods,  in  cases 

Wool,  in  bales,  not  compressed 

in  bales,  compressed 

"     dress  goods,  flannels,  in  cases  — 

"      worsted  goods,  in  cases 

Rags,  in  bales,  compressed 

"Excelsior,  in  bales,  compressed 


25 
24 
35 
19 
31 
16 
25 
22 
26 
24 
29 
43 
41 
35 
50 
13 
48 
18 
27 
19 
19 


Height 

of  Pile, 

Feet 


Pounds 

per 

Square  Foot 

of  Floor 


296 
208 
384 

304 
352 

320 
248 
240 
234 
290 
312 
280 
126 
216 
171 


192 

348 
240 
312 
264 
325 
185 
240 
300 
288 
175 
215 
200 
240 


2U5 
216 
2S0 
171 
248 
144 
200 
176 
234 
216 
261 
258 
246 
245 
250 
117 
240 
162 
243 
171 
171 


Recommended 
Live  Loads, 
Pounds  per 
Square  Foot 


\    250  to  300 


250  to  300 


>    200  to  250 
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PHYSICAL  PROPERTIES  OF  SUBSTANCES 


CONTENTS  OF  STORAGE  WAREHOUSES 


Material 


Pounds 

per 

Cubic  Foot 

of  Space, 


Height 

of  Pile, 

Feet 


Pounda 

per 

Square  Foot 

of  Floor 


Recommended 
Live  Loads, 
Pounds  per 
Square  Foot 


Drugs,  Oils,  Paints.  Etc 

Chemicals: 

Acids,  Muriatic  and  Nitric,  in  carboys 

Sulphuric,  in  carboys 

Ammonia,  in  carboys 

Alum,  Pearl  Alum,  in  barrels 

Bleaching  Powder,  in  hogsheads 

CopperSulphate,Blue  Vitriol, inbbls 
Soda,  Caustic  Soda,  in  iron  drums. . . 

Soda,  Soda  Ash,  in  hogsheads 

Soda  Crystals,  Sal  Soda,  iu  barrels. . 

Soda  Nitrate,  Niter,  in  barrels 

Soda  Silicate,  in  barrels 

Zinc  Sulphate,  White  Vitriol,  inbarrele 
Oils,  Fats,  Resins,  etc.: 

Glycerine,  in  cases 

Oils,  Animal,  Lard,  etc.,  in  barrels  .  . 

"    Vegetable,  Linseed,  in  barrels. 

"    Mineral,  Lubricants,  in  barrels. 

"    Petroleum,  Kerosene,  in  barrels 

"     Naphtha,   Gasolene,  in  barrels 

Rosin,  in  barrels 

Shellac  Gum,  in  boxes 

Tallow,  in  barrels 

Dye  Stuffs,  Paints,  etc.: 

Indigo,  in  boxes 

Logwood  Extract,  in  boxes 

Sumac,  in  boxes 

Red  Lead,  Litharge,  dry,  in  barrels. 

White  Lead,  dry,  in  barrels 

White  Lead,  paste,  in  cans 


Building  Materials 

Cement,  Natural,  in  barrels 

Portland,  in  barrels 

Lime,  Quick  Lime,  ground,  in  barrels. 
Plaster  of  Paris,  ground,  in  barrels 


Sheet  Metal  and  Wire 

Sheet  Tin.  in  boxes 

Wire,  insulated  copper,  in  coils. . . . 

■■     galvanized  iron,  in  coils 

"     magnet  wire,  on  spools 


Miscellaneous 

Chinaware,  Glassware,  in  crates 

in  casks 

Glass,  in  boxes 

Hardware,  door  and  sash  checks,  in  cases 

hinges,  ia  cases 

"         locks,  in  cases 

"         screws,  in  boxes 

Hides,  raw,  not  compressed,  in  bales. . . 

"      raw,  compressed,  in  bales 

Leather,  in  bales 

Paper,  calendered  paper 

newspaper,  manila,  strawboards. 

"       writing  paper 

Rope  in  Coils 


45 
60 
30 
33 
31 
45 
■88 
62 
30 
45 
53 
40 

52 
34 
36 
35 
33 
28 
48 
38 
37 

43 
70 
39 
132 
86 
174 


278 
63 
74 
75 


40 
14 
60 
46 
64 
31 
101 
13 
23 
16 
50 
35 
64 
42 


1% 

1?& 

1% 

7 

31/3 

5 

31/3 

2k 

5 

5 


6 
6 
6 
6 
6 
6 
6 
6 
6 

6 

5 

3J^ 


IH 

5 

4^ 


75 
100 

50 
231 
103 
225 
294 
170 
150 
225 
265 
200 


204 
216 
210 
198 
168 
288 
228 
222 

258 
315 
195 
495 
409 


354 
438 
250 
265 


417 
315 
333 
450 


320 
126 
360 
276 
384 
186 
404 
130 
230 
160 
300 
210 
384 
252 


■  200  to  250 


300  to  400 


300  to  400 


■  300  to  400 
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CARNEGIE  STEEL  COMPANY 


STRENGTH  OF  MATERIALS 
Stresses  per  Square  Inch 


Metals  and  Alloys 


Stresses  in  Thousands  of  Pounds 


n-5 

h5 


a  ia 

■g.g 
Is 


M^ 


Aluminum,  cast 

bars,  sheets 

"  wire,  hard 

"  "   annealed 

2—7%  Ni,  Cu,  Fe,  etc. 

Aluminum  Bronze,  5%  to  7M%  Al . 

10%     Al, 

Copper,  cast 

"       plates,  rods,  bolts 

"       wire,  hard 

"       wire,  annealed 

Brass,  17%  Zn 

"      23%" 

"      30%" 

"      39%  " 

"      50%  " 

"      cast,  common 

"      wire,  hard 

"         "    annealed 

Bronze   8%  Sn 

"       13%  " 

"      20%  " 

"      24%  " 

"      30%" 

"      gun  metal,  9  Cu,  1  Sn 

"      Manganese,  cast  \10%  Sn. , 

rolled/  2%  Mn 

"      Phosphorus,  cast  19%  Sn. . . 

wire/1%  P.... 

"      Silicon,  cast,  3%  Si 

"        ':    5%  Si 

"  "      wire 

"      Tobin.cast  1  38%  Zn. 

"     rolled         yiV2%Sn 

"     coldrolledj  V3%  Pb. 

Delta  Metal,  cast    1 5.5—60%  Cu  . . 

"      p!atesl38— 40'^oZn... 

"      bars       2— 4%Fe... 

"  "      wire  J   1 —  2%  Sn... 

German  Silver,  25%,  Zn,  207o  Ni. . . 

Iron,  see  next  page 

Gold,  cast 

"     wire 

"     copper,  5  Au,  1  Cu 

Lead,  cast 

"     pipe,  wire 

"     rolled  sheets 

Platinum,  wire,  unannealed 

"    annealed 

Silver,  cast 

Steel,  see  next  page 

Tin, cast 

"    antimony,  10  Sn,  1  Sb 

Zinc,  cast 

"    rolled  sheets 


15 
24-28 
30-65 
20-35 
40-50 

75 
85-100 

25 
32-35 
55-65 

36 

32.6 

28.1 

41.1 

31 
18-24 

80 

50 

28.5 

29.4 

33 

22 
5.6 
25-55 

60 
100 

50 
100 

55 

75 
108 

66 

80 
100 

45 

68 

85 
100 


20 
30 
50 

1.8 
2.2-2.5 

3.3 
53 
32 
40 

3.5-4.6 
11 
4-6 
7-16 


6.5 
12-14 
16-30 
14 
25 
40 
60 

6 
10 

10 
8.2 
7.6 
8.6 
17.4 
17.9 


16 
19 
20 

22 
56 
10 
30 
80 
24 


120 


75 
117 
30 


42 
53 
78 
114 
147 


22 


23.2 

22.3 

26.9 

39 

33.5 

20 


43.7 

34.5 

56.7 

32 

12.1 

52 


11,000,000 


10,000,000 


18,000,000 
15,000,000 


14,000,000 
10,000,000 


26.7 
35.8 
20.7 

20.7 
5.0 


5.5 

3.3 

0.04 

0 

0 


1.5-1.8 


4,500,000 


8,000,000 


1,000,000 

1,000,000 

720,000 


4.000,000 
13,000,000 
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PHYSICAL 

PROPERTIES  OF  SUBSTANCES 

STRENGTH  OF  MATERIALS 
Stresses  per  Square  Inch 

Metal  and  Alloys 

Stresses  in  Thousands  of  Pounds 

Modulus  of 

Elasticity, 

Pounds 

c 
.S 

c 

's.i 
h5 

a 
■  9  2 

§  S 

C   IS 

^  E 

Steel 

Shapes,  Plates,  Bars' 

55-65 
55-65 
50-65 
55-65 
58-68 

55-65 
53-62 

45-55 
46-56 
46-56 
48-58 
55-65 

55-70 
70-85 

80 
55-70 
70-85 

80 

Y-i  tens. 

\i  tens. 
J  2  tens. 

33 
40 
50 
33 
40 
50 
55 

27 

31.5 

36 

tensile 

tensile 
tensile 

tensile 
tensile 

tensile 

ten.sile 
tensile 

tensile 
tensile 

3/i  tens. 

•;4  tens. 
%  tens 

^i  tens 
%  tens 

29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 

29,000,000 
29,000,000 

29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 

29,000,000 
29.000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 
29,000,000 

29,000,000 
29,000,000 
29,000,000 

27.3-23.0 
25.4-21.5 
30.0-23.0 
27.3-23.0 
25.9-22.1 

27.3-23.0 

28.8-24.2 

33.3-27.3 
32.6-26.8 
30.4-25.0 
31.3-25.9 
27.3-23.0 

25.4-20.0 
18.6-15.3 

15.0 
22.7-17.9 
16.1-13.2 

12.5 
5.0 

22.0 
18.0 
15.0 

Boiler  Plates' 

"      flange  plates 

Rivets* 

Concrete  Bars* 

plain,  structural  grade 
"            "      intermediate ... . 

deformed,struct'l  grade 
"               "        intermediate 
"               "        hard 

Castings* 

soft 

60 
70 
80 

".       hard 

Steel  Alloys 

Nickel  Steel,'  3.2.-)'  r  Ni, 
"      shapes,  plates,  bars 

85-10( 

70-80 

95-110 

90-105 

60-68 

65-110 
120 
80 
200 

48 
50 
80 
60 

15-18 
18-24 
27-35 

50 
45 
55 
52 
37-38 

40-70 
60 
40 
95 

2fi 

27 

tensile 

tensile 

'•\'\  tons 

- 

29,000,000 
29.000,000 
29,000,000 
29,000,000 
29,000,000 

17.6-15.0 
21.4-18.8 
15.8-13.6 

20.0 
29.0-23.0 

"      eye  bars,  unannealed .... 

"         "      "      annealed 

Copper  Steel  0..i0'  c  Cu 

Steel  Springre  and  Wire 

Wrought  Iron 

tensile 

tensile 

%  tens 

28,000,000 
28,000,000 
15,000,000 
25,000,000 

12,000.000 

Bars                                     .... 

27 
6 

Cast  Iron 

80 

30 
25-33 

18-20 

Gray 

Malleable 

1.5-20 

46 

30 

40 

*  See  Specifications  of  the  S 

ociety  of 

Testing  Materials. 
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STRENGTH  OF  MATERIALS 
Stresses  in  Pounds  per  Square  Inch 


Building  Materials 


Compress.  Tension  Bending 


Ultimate  Average  Stresses 


Modulus 

of 
Elasticity 


Safe  Working  Stresses 


Compress. 

Bearing 

1,200 

1,200 

800 

800 

500 

500 

1,000 

1,000 

420 

600 

350 

500 

280 

400 

140 

250 

170 

250 

170 

300 

210 

300 

Stone 

Granite,  gneiss,  bluestone. 

Limestone,  marble 

Sandstone 

Slate 


Masonry 

Granite 

Limestone,  bluestone 

Sandstone 

Rubble 

"     coursed 

Brick,  medium  burned 

"     hard  burned 

"  pressed,  paving  brick 
Terra  Cotta 


Cement,  Portland 

Neat,       28  days 

90  days 

1:3  sand,  28  days 

90  days 


Concrete,  P.  C. 


fGranite,  trap  rock 

■  I  Furnace  Slag 

'  -JLime  and  Sandstone,  hard 
I    Lime  and  Sandstone,  soft 

(Cinders 


(Granite,  trap  rock. . . . 

'?.  iFurnace  Slag 

^•(Lirae  and  Sandstone,  hard 
,1;    Lime  and  Sandstone,  soft 

I  Cinders 


fGranite,  trap  rock. . . . 

■?;  I  Furnace  Slag 

^,  i  Lime  and  Sandstone,  hard 
"    Lime  and  Sandstone,  soft 

[Cinders 


I  Granite,  trap  rock .... 
Furnace  Slag 
Lime  and  Sandstone,  hard 
Lime  and  Sandstone,  soft 
Cinders 


fGranite,  trap  rock. . . . 

«    Furnace  Slag 

n  I  Lime  and  Sandstone,  hard 
M    Lime  and  Sandstone,  soft 

[Cinders 


Miscellaneous 


Glass,  common. 
Plaster. .'  


12,000 
8,000 
5,000 

10,000 


10,000 

15,000 

6,000 

5,000 


7,040 
7,350 
1,290 
1,490 


3. .300 
3,000 
3,000 
2,200 
800 

2,800 
2,500 
2,500 
1,800 
700 

2,200 
2,000 
2,000 
1,500 
600 

1,800 
1,600 
1,600 
1,200 
500 

1,400 
1,300 
1,300 
1,000 
400 


30,000 
700 


1,200 
800 
loO 

3,000 


740 
740 
320 
340 


1,600 
1,500 
1,200 
5,000 


7,000,000 
7,000,000 
3,000,000 
14,000,000 


200 
150 
150 
175 


Modulus 

of 
Elasticity 


Reinforced  Concrete 

3,000,000  for  ult.  compression  over  2,900. 

2,500,000  for  ult.  compression  up  to  2,900. 

2,000,000  for  ult.  compression  up  to  2,200. 

750,000  for  ult.  compression  under  800. 


Safe  Working  Stresses 
in  Percent  of  Ultimate  Compression 

[  Plain  Concrete  Piers,  length    4  dia.  22.5% 

Compression  \  Reinforced  Columns,        "      12   "     22.5% 

Reinforced  Beams,  32.5% 


Bearing 


Surface  twice  the  loaded  area . 


.35.0% 


f  Horizontal  Bars.no  web  reinforcement  2.0% 

Shear  and     J  "  "    vertical  stirrups —  4.5% 

Diag.Tension  1  Bent  Bars  and  vertical  stirrups 5.0% 

[  Same,  securely  attached 6.0% 

Drawn  Wire 2.0% 

Bond  Stress    \  Plain  reinforcing  bars 4.0% 

Deformed  Bars,  best  type 5.0% 


For  complete  data  see  Transactions  of    the   American 
Society  of  Civil  Engineers,  Vol.  LXXXI-No.  1398,  Dec.  1917 


3,000 
70 


3,000 


8,000,000 


For  ultimate  and  working  stresses  of  Structural  Timber,  see  page  333. 
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PHYSICAL  PROPERTIES  OF  SUBSTANCES 


EXPANSION  OF  BODIES  BY  HEAT 

The  linear  coefficient  of  expansion  of  a  body  is  the  rate  at  which 
the  unit  of  length  changes,  under  constant  pressure,  with  an  increase 
of  unit  or  one  degree  of  temperature;  the  square  surface  coefficient 
of  expansion  is,  approximately,  two  times,  and  the  cubical  or 
volumetric  coefficient  three  times  the  linear  coefficient  of  expansion. 
A  bar,  if  not  fixed,  undergoes  a  change  in  length^ltn,  where  1 
is  the  length  of  the  bar  in  inches,  t  the  number  of  degrees,  n  the 
corresponding  linear  coefficient;  if  fixed  at  both  ends,  the  internal 
stress  per  unit  of  ai'ea=tnE,  pounds  per  square  inch,  where  E  is 
the  modulus  of  elasticity,  and  the  total  temperature  stress^AtnE, 
pounds,  where  A  is  the  cross  section  of  the  bar  in  square  inches. 

To  find  the  increase  of  a  bar  due  to  an  increase  in  temperature, 
from  the  table,  multiply  the  length  of  the  bar  by  the  increase  in 
degrees  and  by  the  coefficient  for  100  degrees,  and  divide  by  100. 

Coefficients  of  Expansion  for  100  DEGREES=100n 


Substance 


Metals  and  Alloys 

Aluminum,  wrought . . 
Brass 

"     wire 

Bronze 

Copper 

German  Silver 

Gold 

Iron,  cast,  gray 

"     wrought 

"     wire 

Lead 

Nickel 

Platinum 

Platinum-Iridium,  15%Ir 

Silver 

Steel,  caat 

"     hard 

"     medium 

"     soft 

Tin 

Zinc,  rolled 


Linear  Expansion 


Centigrade',  Fahrenheit 


Miscellaneous  Solids 

Glass 

Graphite 

Gutta-percha 

Paraffin 

Porcelain 


.00231 
.00188 
.00193 
.00181 
.00168 
.00183 
.OOISO 
.00106 
.00120 
.00124 
.00286 
.00126 
.00090 
.00081 
.00192 
.00110 
.00132 
.00120 
.00110 
.00210 
.00311 


.00085 
.00079 
.05980 
.02785 
.00036 


.00128 
.00104 
.00107 
.00101 
.00093 
.00102 
.00083 
.00059 
.00067 
.00069 
.00159 
.00070 
.00050 
.00045 
.00107 
.00061 
.00073 
.00067 
.00061 
.00117 
.00173 


.00047 
.00044 
.03322 
.01547 
.00020 


Substance 


Stone  and  Masonry 

Ashlar  masonry 

Brick  masonry 

Cement,  Portland 

Concrete 

masonry 

Granite 

Limestone 

Marble 

Plaster 

Rubble  masonry 

Sandstone 

Slate 


Timber 

Fir      1  I 

^^^^P'Mparallel  to  fiber 

Pine     I  I 

Fir       I  .  I 

Maple Iperpendicular  I 

Oak     I    to  fiber 1 

Pine    J  I 

Liquid  Substances 

Alcohol 

Acid,  nitric 

"     sulphuric 

Mercury 

Oil,  turpentine 


Linear  Expansion 


Centigrade  Fahrenheit 


.00063 
.00055 

.00107 
.00143 
.00120 
.00084 
.00080 
.00100 
.00166 
.00063 
.00110 
.00104 


.00037 
.00064 
.00049 
.00054 
.0058 
.0048 
.0054 
.0034 
Volumetric 
.104    I 
.110 
.063 
.018 
.090    I 


.00035 
.00031 
.00059 
.00079 
.00067 
.00047 
.00044 
.00056 
.00092 
.00035 
.00061 
.00058 

.00021 
.00036 
.00027 
.00030 
.0032 
.0027 
.0030 
.0019 
Expansion 
.0.58 
.061 
.035 
.010 
.050 


Expansion 

OF  Water 

Maximum  Density= 

=  1 

C°  ',  Volume  |  C°     Volume  1 

C     Volume 

C° 

Volume 

C°     Volume 

C° 

Volume 

0  i  1.000126  ,1  10     1.000257 
4  1  1.000000  II  20    1.001732 

30     1.004234 
40     1.007627 

50 
60 

1.011877 
1.016954 

70     1.022384 
80     1.029003 

90 
100 

1.035829 
1.043116 

3.51 
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EQUIVALENTS  OF  MEASURE 

Lengths 

1  meter,  m  =  10  decimeters,  dra  =  100  centimeters,  cm=  1000  milUmeters,  mm, 
1  meter,  m  =  0.1  decameter,  dkm  =  0.01  hectometer,  hm  =  0.001  kilometer,  km. 
1  meter,  m  =  39.37  inches,  U.  S.  Standard  =  39.370113  inches,  British  Standard. 
1  millimeter,  mm  =  1000  microns,  yu,  =  0.03937  inch  =  39.37  mils. 


Meters, 

Inches, 
in. 

Feet, 
ft. 

Yard, 

yd. 

Rods, 
r. 

Chains, 
ch. 

Miles,  U.  S. 

Kilo- 

m 

Statute 

Nautical 

meters, 
km. 

1 

39.37 

3.28083 

1.09361 

0.19884 

0.04971 

0.g6214 

0.0  5396 

0.001 

0.02540 

1 

0.08333 

0.02778 

0.0  5051 

0.51263 

O.J  1578 

0.01371 

0.S2540 

0.30480 

12 

1 

0.33333 

0.06001 

0.01515 

0.gl894 

0.0  1645 

0.0  3048 

0.91440 

36 

3 

1 

0.18182 

0.04545 

0.^5682 

0.04934 

0.o9144 

5.02921 

198 

16.5 

5.5 

1 

0.25 

0.o3125 

0.^2714 

0.0  5029 

20.1168 

792 

66 

22 

4 

1 

0.01250 

0.01085 

0.02012 

1609.35 

63360 

5280 

1760 

320 

80 

1 

0.86839 

1.60935 

1853.25 

72962.5 

6080.20 

2026.73 

368.497 

92.1243 

1.15155 

1 

1.85325 

1000 

39370 

3280.8311093.61 

198.838 

49.7096 

0.62137 

0.53959 

1 

1  yard,    U.  S.  =  1.0000029   yards  British        1  yard  British  =  0.9999971  yard  U.S. 

1  chain,  Gunter's  =  100  links       1  link  =  7.92  inches. 

I  cable  length,  U.S.  =  120  fathoms  =  960  spans  =  720  feet  =  219.457  meters. 

1  league,  U.  S.  =  3  statute  miles  =  24  furlongs. 

1  international  geographical  mile  ^^5°  at  equator    =  7422  m 

=4.611808  U.  S.  statute  miles. 
1  international  nautical  mile         =  %o°  at  meridian  =  1852  m 

=0.999326  U.  S.  nautical  miles. 
1  U.S.  nautical  mile  =  yoo°  of  circumference  of  sphere  whose  surface  equals 

that  of   the  earth  =  6080.27  feet=  1.15155  statute  miles  =1853.27  meters. 
1  British  nautical  mile  =  6080.00  feet  =1.15152  statute  miles  =  1853.19  meters. 

Surfaces  and  Areas 

1  sq.  meter,  m^  =  100  sq.  decimeters,  dm2  =  lOOOO  sq.  centimeters,  cm^. 
1  sq.  meter,  m2=z0.01  are,  a  =  0.0001  hectare,  ha. 

1  sq.  miDimeter,  mm2  =  0.01  cm- =  0.00155  sq.  inch  =  1973.5  circular  mils. 
1  are,  a=  1  sq.  decameter,  dkni ^0.0247104  acre. 


Sq.  Meters, 

Sq.  Inches, 

Sq.  Feet, 

Sq.  Yards, 

Sq.  Rods, 

Acres, 

Hectares,  Sq.  Miles, 

Sq.  Kilo- 

ms 

sq.  in. 

sq.  ft. 

sq.  yd. 

sq.  r. 

A 

ha.        Statute 

meters, 
i£m2 

1 

1550.00 

10.7639 

1.19599 

0.03954 

O.S2471 

0.0001 

0.23S61 

o.h 

0.S6452 

1 

0.56944 

O.o7716 

0.o2551 

0.31594 

0.o6452 

0.02491 

0.|!6452 

0.09290 

144 

1 

0.11111 

O.o3673 

0.^2296 

O.I;9290 

0.53587 

0..J9290 

0.83613 

1296 

9 

1 

0.03306 

0.5  2066 

0.fjS36] 

0.2  3228 

0.oS361 

25.2930 

39204 

272.25 

30.25 

1 

0.00625 

0.52520 

0.[i970G 

O.J2529 

4046.87 

6272640 

43560 

4840 

160 

1 

0.40469 

0.51563 

0.54047 

10000 

15499969 

107639 

11959.9 

395.366 

2.47104 

1 

0.53861 

0.01 

2589999 

27878400 

3097600 

102400 

640 

259.000 

1 

2.59000 

1000000 

10763S07 

1195985 

39336.6 

247.104 

100 

0.38610 

1 

lain,  Gmiter's=16  sq.  rods 
=  4  sq.  roods  =  160  sq.  rods. 


)  sq.  links  =  ^60  acre. 
1/10  acre. 
Square  of  1  acre  =  208.7103  feet  square. 


Notations  o.  0.  o,  etc.,  indicate  that  the  o,  o.  0,  etc.,  are  to  be  replaced  by 
2,  3,  4,  etc.,  ciphers. 

Example— Isq.   rod  =  0.o9766  =  0.000009766  sq.  miles. 
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MEASURES    AND    WEIGHTS 


EQUIVALENTS  OF  MEASURE 

Volume  and  Capacity 

1  cu.  meter,  ms  =  1000  cu.  decimeter,  dms  =:  lOOOOOO  eu.  centimeters,  cm*. 
1  liter,  1=10  deciliters,   dl  =  100  centiliters,   cl  — 1000  milliliters,   ml 

:=  1000  cu.  centimeters,  cms.  or  cc. 
1  liter,  1  =  0.1  decaliter,  dkl  =  0.01  hectoliter,  lil  =  l  cu.  decimeter,  dmS. 


Cubic 

Cubic 
Inches, 
cu.  in. 

Cubic 
Feet, 
cu.  ft. 

Cubic 
Yards, 
cu.  yd. 

U.  S.  Quarts 

U.  S.  Gallons 

U.S. 

Decimeter, 
dmS,] 

Liquid, 
1.  qt. 

Dry, 
d.qt. 

Jjquid, 
1.  gal. 

Dry, 
d.  gal. 

Bushels, 
bu. 

1 

61.0234 

0.03531 

O.Sl308 

1.05668 

0.90808 

0.26417 

0.22702 

0.02838 

0.01639 

1 

0.S5787 

0.o2143 

0.01732 

0.01488 

0.o4329 

0.53720 

0.^4650 

2S.3170 

1728 

1 

0.03704 

29.9221 

25.7140 

7.48055 

6.42851 

0.80356 

764.559 

46656 

27 

1 

807.896 

694.279 

201.974 

173.570 

21.6962 

0.94636 

57.75 

0.03342 

0.0 1238 

1 

0.85937 

0.25 

0.21484 

0.02686 

1.10123 

67.2006 

0.03889 

0.51440 

1.16365 

1 

0.29091 

0.25 

0.03125 

3.7S543 

231 

0.13368 

0.54951 

4 

3.43747 

1 

0.85937 

0.10742 

4.40492 

268.803 

0.15556 

0.05761 

4.65460 

4 

1.16365 

1 

0.125 

35.2393 

2150.42 

1.24440  0.04609 

37.2368        32 

9.30920 

8 

1 

U.  S.  Dry  Measure:  1  bushel  =  4  pecks  =  8  gallons  =  32  quarts ^64  pints. 

U.  S.  Liquid  Measure:  1  gallon^4  quarts  =  8  pints^32  gills  =  128  fluid  ounces. 

U.S.  Apoth.   jMeasure:    1  fl.    ounce,  f  5  =8  fl.   drams,    f  3  =480    minims,  -n^ 

=  29.574  cu.  cms. 
British  Imperial   gallon    dry    and    liquid    measure  =  1.03202    U.  S.  dry    gal. 

=  1.20091  U.  S.  liquid  gal. 
British  Imperial  gallon  =  277.410  cu.  in.  =4545.9631  cms. 

Weight  of  water  at  maximum  density,  4°C,  45°  Lat.,  and  sea  level. 
1  cu.  ft.  =  62.42S3  lbs.  av.  =  28.3170  kg        1  cu.  in.  =  0.57804  oz.  av.  =  16.3872  g. 
1  gal.,  U.  S.  liquid  =  8.34545  lbs.  =3.78543  kg. 
1  gaL,  British  Imperial  =  10.0221  lbs.  =4.5459631  kg. 

Masses  and  Weights 

1  gram,  g  =  10  decigrams,  dg  =  100  centigrams,  eg  =  1000  milligrams,  mg. 
1  gram,  g  =  0.1  decagram,  dkg  =  0.01  hectogram,  hg=:  0.001  kilogram,  kg. 
I  kilogram,  kg  =  1  cu.  decimeter  of  water  or  liter,  4°C,  45°  Lat.  and  sea  level 
=  15432.35039  grains,  U.  S.  and  British  Standard. 


Kilo- 

Grains, 

gr. 

Ounces 

Pounds 

Tons 

grams, 
kg. 

Troy, 
oz.  t. 

Avoir, 
oz.  av. 

Troy, 
lb.  t. 

Avoir, 
lb.  av. 

Net, 

Short, 

2000  lbs. 

Gross, 

Long, 

2240  lbs. 

Metric, 
1000  kg. 

1 

15432.4 

32.1.507 

35.2740 

2.67923 

2.20402 

0.0  1102 

0.0  9842 

0.001 

0.S6480 

1 

0.o2083 

0.52280 

0.0  1736 

0.2 1429 

0.07143 

0.0  0378 

0.00480 

0.03110 

480 

1 

1.09714 

0.08333 

0.00857 

0.0  3429 

0.^3061 

0.f,3110 

0.02835 

437.5 

0.91146 

1 

0.07595 

0.00250 

0.S3125 

0.J2790 

0.0  2835 

0.37324 

5760 

12 

13.1057 

1 

0.82286 

0.o4114 

0.03074 

0.o3732 

0.4.5359 

7000 

14.. 58.33 

16 

1.21.528 

1 

0.00050 

0.24464 

0.54536 

907.185 

14000000 

29100.7 

32000 

24:i0.56 

2000 

1 

0.89286 

0.90719 

1016.05 

15080000 

.32666.7 

35840 

2722.22 

2240 

1.12 

1 

1.01605 

1000 

1.5432350 

32150.7  35274.0 

2079.23 

2204.02 

1.102.31 

0.98421 

1 

1  ounce  avoir.  =  16  drams,  avoir.       1  ounce  troy  =  20  pennyweight,  dwt. 
1  ounce  apoth.,  §  =8  drams,  3=24  scruples,  iJ^480  grains,  gr  =  31.1035  g. 
1  hundrea weight  =  1/20  long  ton  =  4  quarters  =  8  stone  =  112  lbs.  =50.8024  kg. 

Notations  5.  o.  *•  etc.,  indicate  that  the  o.  o>  o.  etc.,  are  to  be  replaced  by 
2,  3,  4,  etc.,  ciphers. 

E  XAM  PLE— 1  grain  =  O.o2083  =  0.002083  oz.  t.     1  grain =0.o6480= 0.00006480  kg. 
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EQUIVALENTS  OF  MEASURE 

Forces  or  Weights  per  Units  of  Length,  Linear  Weights 

1  dyne  per  centimeter  =  0.00101979  g/cm  =  0.000183719  poundal/in. 

1  gram  per  centimeter  =     980.5966  dynes/cm  =  0.180154       poundal/in. 
1  poundal  per  inch        =       5443.11  dynes/cm  =  5.55081  g/cm  =  0.0310832  pound/In. 


Grams 

Centi- 
meter 
g/om 

Grains 

per  Inch, 

gr./in. 

Pounds 

per  Inch, 

Ib./in. 

Pounds 

per  Foot, 

Ib./ft. 

Pounds 

per  Yard, 

Ib./yd. 

Kilograms 

per  Meter, 

kg/m 

Net  Tons, 
2000  lbs., 
per  Mile 

Gross 

Tons, 

2240  lbs., 

per  Mile 

Metric 

Tons, 

1000  kg, 

per 

Kilometer 

1 

39.1983 

0.f)5600 

0.06720 

0.20159 

0.10 

0.17740 

0.15839 

0.10 

0.02551 

1 

O.El429 

0.01714 

0.55143 

0.52551 

0.54526 

0.54041 

0.52551 

178.579 

7000 

1 

12 

36 

17.8579 

31.6800 

28.2857 

17.8579 

14.8816 

583.333 

0.08333 

1 

3 

1.48816 

2.64000 

2.35714 

1.48816 

4.96054 

194.444 

0.02778 

0.33333 

1 

0.49605 

0.88000 

0.78571 

0.49605 

10 

391.983 

0.05600 

0.67197 

2.01591 

1 

1.77400 

1.58393 

1 

6.63698 

220.960 

0.03157 

0.37879 

1.13636 

0.56370 

1 

0.89286 

0.56370 

6.31342 

247.475 

0.03535 

0.42424 

1.27273 

0.63134 

1.12 

1 

0.63134 

10 

391.983 

0.05600 

0.67197 

2.01591 

1 

1.77400 

1.58393 

1 

Forces  or  Weights  per  Units  of  Area,  Pressure 

1  dyneper sq.  centimeter=0.00101979  g/cms  =0.000466646  poundals/in2. 
1  gram  per  sq.centimeter=  980.5966  dynes/cm3= 0.457592  poundals/in2. 
1  poundal  per  sq.  inch      =2142.95  dynes/cm^ =2.18536  g/cm2  =  0.0310832  pound/in2. 


Kilograms 
per 

Sq.  Centi- 
meter, 
kg/cm3 

Pounds 

per 
Sq.  Inch, 
lb./in.2 

Pounds 
per 

Sq.  Foot, 
Ib./ft.-' 

Net  Tons, 
2000  lbs. 

per 
Sq.  Foot 

Atmos- 
pheres, 
Standard, 
760  mm 

Columns  of  Mercury, 
Hg.  13.59593  Sp.  G. 

Columns  of  Water, 
Max.  Density  4°  C 

Milli- 
meters 

Inches 

Meters 

Feet 

1 
0.07031 
0.S4882 
0.97648 
1.03329 
0.0 1360 
0.03453 

0.10 
0.03048 

14.2234 

1 
0.S6944 
13.8889 
14.6969 
0.01934 
0.49119 
1.42234 
0.43353 

2048.17 

144 

1 

2000 

2116.35 

2.78468 

70.7310 

204.817 

62.4283 

1.02408 
0.07200 
0.00050 

1 
1.05818 
1.51392 
0.03537 
0.10241 
0.03121 

0.96778 
0.06804 
0.04725 
0.94502 

1 
0.ol316 
0.03342 
0.09678 
0.02950 

735.514 
51.7116 
0.35911 
718.216 
760 
1 
25.4001 
73.5514 
22.4185 

28.9572 
2.03588 
0.01414 
28.2762 
29.9212 
0.03937 

1 
2.89572 
0.88262 

10 
0.70307 
0.^4882 
9.76482 
10.3329 
0.01360 
0.34534 

1 
0.30480 

32.8083 
2.30665 
0.01602 
32.0367 
33.9006 
0.04461 
1.13299 
3.28083 
1 

Forces  or  Weights  per  Units  of  Volume,  Density 
1  dyne   per  cu.  centimeter =0.00101979  gram/cms     =0.00118528  poundals/ins. 
1  gram  per  cu.  centimeter =980.5966     dynes/cms    =     1.162283  poundals/ins. 
1  poundal  per  cu.  inch  =843.683  dynes/cms=0.860378g/cm3  =  0.0310832pound/in8. 


Grams 
per 
Cu.  Centi- 
meter, 
g/cmS 

Pounds 

per 
Cu.  Inch, 
Ib./in.a 

Pounds 

per 

Cu.  Foot, 

Ib./ft.s 

Pounds 

per 

Cu.  Yard, 

lb./yd.3 

Kilograms 

per 

Cu.  Meter, 

kg/ms 

Pounds 

per 
Bushel, 
U.  S. 

Pounds 

per 
Gallon, 

Dry, 

U.S. 

Pounds 

per 
Gallon, 
Liquid, 

U.  S. 

Kilograms 

per 

Hectoliter, 

kg/hi 

1 
27.6797 
0.01602 
0.0  5933 

0.001 

0.01287 

0.10297 

0.11983 

0.01 

0.03013 

1 
0.05787 
O.o2143 
O.o3613 
0.b'4650 
0.53720 
0.54329 
0.;i3613 

62.4283 
1728 
1 
0.03704 
0.06243 
0.80356 
6.42851 
7.48052 
0.62428 

1685.56 

46656 

27 

1 

1.68556 

21.0962 

173.570 

201.974 

16.8557 

1000 
27679.7 
16.0184 
0.59327 

1 

12.8718 

102.974 

119.826 

10 

77.6893 
2150.42 
1.24446 
0.04609 
0.07769 

1 

8 
9.30920 
0.77689 

9.71116 
268.803 
0.15556 
0.55762 
0.09711 
0.125 
1 
1.16365 
0.09711 

8.34545 

231 
0.13368 
0.0  4951 
0.08345 
0.10742 
0.85937 

1 
0.08345 

100 
2767.97 
1.60184 
0.05933 

0.10 

1.28718 

10.2974 

11.9826 

1 

Notations  o>  O) 
2, 3, 4,  etc.  ciphers. 


0)  etc.,  indicate  that  the  oj  o;  oj  etc. 
E  XAMPLE— 1  kg/m3  =  0.^3613  = 


are   to 
0.00003613 


be  replaced  by 
Ib./in3. 
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MEASURES    AND 

WEIGHTS 

EQUIVALENTS  OF  MEASURE 
Energy,  Work,  Heat 
\  dyne-centimeter=  1  erg=0.00101979  gram-centimeter=0.o737612  foot-pound. 
1  gram-centimeter=  980.5966  crgs=:0.S7233  foot>poimd. 
1  foot-pound  =  13557300  ergs^:13825.5  gram-centimeters. 

Kilogram- 
meters, 
kg-m 

Foot- 
pounds, 
ft.-lbs. 

Horsepower-hour 

Poncelet- 

hours, 
100  kg-m-h 

Kilowatt- 
hours, 
kw-h 

Joules, 

lOT  ergs, 

j-s 

Thermal  Units 

U.  S., 
H.  P.-h 

Metric, 
75  kg-m-ii 

B.  T.  U. 
b.  t.  u. 

Calorie, 
kg-cal 

1 
0.13826 
273745 
270000 
360000 
367123 
0.10198 
107.577 
426.900 

7.23300 

1 
1980000 
1952910 
2603S80 
2655403 
0.73761 
778.104 
3087.77 

0.03653 
0.S.5051 

1 
0.9S632 
1.31509 
1.34111 
0.0  3725 
0.0  3930 
0.0  15.59 

0.o3704 
0.S5121 
1.01387 

1 
1.33333 
1.35972 
0.o3777 
0.0.3984 
0.0 1.581 

0.S277S 
0.'o3840 
0.70040 
0.75 
1 
1.01979 
0.0  2833 
0.02988 
0.51186 

0.o2724 
0.23706 
0.74565 
0.73545 
0.98060 

1 
0.82778 
0.0  2930 
0.  Si  163 

9.80597 
1.35573 
2684340 
2647610 
3530147 
3600000 

1 
1054.90 
4186.17 

O.o9296 
0.01285 
2544.65 
2509.83 
3346.44 
3412.66 
0.0  9480 

1 
3.968.32 

O.o2342 
0.33239 
641.240 
632.467 
843.289 
859.975 
0.0  2389 
0.25200 
1 

Power,  Rate  of  Energy  and  Heat 

1  erg  per  sec.=l  djTie-cm;sec.=0.00101979  gram-cm/sec. =0.o737612  foot-potmds/sec 
1  gram-centimeter  per  second  =  980.5966  ergs/sec. =0.o7238  foot-pounds/sec. 
1  foot-pound  per  second  =  13557300  ergs/sec  =  13825.5  gram-cm/sec. 

Kilogram- 
meters 

per 
Second, 
kg-m/s 

Foot- 
pounds 

per 
Second, 
ft.-lbs./s 

Horsepower 

Poncelet, 
100 

kg-m/s 

Kilowatt, 
kw. 

Watts, 
lO^ergs/s 

Thermal  Units 
per  Sec. 

U.  S., 

550 

ft.-lbs. /s 

Metric, 

75 
kg-m/s 

B.T.U. 

btu/s 

Calorie 
kg-cal/s 

1 

0.13826 
.'76.0404 
75 
100 
101.979 
0.10198 
107.577 
426.900 

7.23300 
1 
550 
.542.475 
723.300 
737.612 
0.73761 
778.104 
3087.77 

0.01315 
0.0  1818 

1 
0.98632 
1.31509 
1.34111 
0.0  1.341 
1.41474 
5.61412 

0.01333 
0.0  1843 
1.01387 

1 
1.33.333 
1.35972 
0.Sl360 
1.4343G 
.5.09200 

0.01 
0.01383 
0.76040 

0.75 
1 
1.01979 
0.0 1020 
1.07577 
4.26900 

0.0  9806 
0.51356 
0.74565 
0.73545 
0.98060 
1 
0.001 
1.05490 
4.18017 

9.80597 
1.35573 
745.650 
735.448 
980.597 
1000 
1 
1054.90 
4186.17 

0.59296 
0.0  1285 
0.70685 
0.69718 
0.92957 
0.94796 
0.39480 

1 
3.96832 

0.B2342 
0.S3237 
0.17812 
0.17569 
0.23425 
0.23888 
0.32389 
0.25200 
1 

Velocities  and  Accelerations 

1  kine=l  centimeter  per  second =0.0328083  foot  per  second. 

1  radian    per   second ^57.2958  degrees  per  sec.  =0.159155  revolutions  per  sec. 

1  gravity=980.59G6  centimeters  per  sec.  per  sec.=32.1717  feet  per  sec.  per  sec. 

Meters 

per 
Second, 

m/s 

Feet 

per 

Second, 

ft./s 

Miles 
per  Hour, 

M/h 

Knots 
per  Hour, 

U.  S. 

Kilo- 
meters 
Hour, 
km/h 

Meter 

per 
sec/sec 
m/s2 

Feet 

per 

sec/sec 

ft./s2 

Miles 

per 

hour/sec 

M/h-s 

Kilometer 

per 
hour/sec 
km/h-3 

1 
0.30480 
0.44704 
0.51479 
0.27778 

3.28083 

1 
1.46667 
1.68894 
0.91134 

2.23093 
0.08182 

1 
1.15155 
0.02137 

1.942.54 
0.59209 
0.8G839 

1 
0.53959 

3.6 
1.09728 
1.60935 
1.8.5325 

1 

1 
0.30480 
0.44704 
0.27778 

3.28083 

1 
1.46667 
0.911.34 

2.23693 
0.68182 

1 
0.62137 

3.6 
1.09728 
1.00935 

1 

Notations  o,  oi  o.  etc.,  indicate  that  the  ?„  o,  o,  etc.,  are  to  be  replaced  by 
2,  3,  4,  etc.,  ciphers.         Example — 1  Calorie=0.oll63=0.001163l£ilowatt-hours. 
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:;arneqie 

STEEL 

COMPANY 

METRIC  CONVERSION  TABLES 

Inches  to  Centimeters — 1  in.=2.540005  cm 

• 

^* 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

2.540 

5.080 

7.620 

10.130 

12.700 

15.240 

17.780 

20.320 

22.860 

1 

25.400 

27.940 

30.480 

33.020 

35.560 

38.100 

40.640 

43.180 

45.72Cf 

48.260 

2 

50.800 

53.340 

55.880 

58.420 

60.960 

63.500 

66.040 

68.580 

71.120 

73.660 

3 

76.200 

78.740 

81.280 

83.820 

86.360 

88.900 

91.440 

93.980 

96.520 

99.060 

4 

101.600 

104.140 

106.680 

109.220 

111.760 

114.300 

116.840 

119.380!  121.920 

124.460 

5 

127.000 

129.540 

132.080 

134.620 

137.160 

139.700 

142.240 

144.780 

147.320 

149.860 

-  6 

152.400 

154.940 

157.480 

160.020 

162.560 

165.100 

167.640 

170.180 

172.720 

175.260 

7 

177.800 

180.340 

182.880 

185.420 

187.960 

190.500 

193.040 

195.580 

198.120 

200.660 

8 

203.200 

205.740 

208.280 

210.820 

213.360 

215.900 

218.440 

220.980 

223.520 

226.060 

9 

228.600 

231.140 

233.680 

236.2201  238.760 

241.300 

243.840 

246.380 

248.920 

251.460 

Inches^  to  Centimeters^ — 1  in. 2=6.451625  cm^ 

^^^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

6.452 

12.903 

19.355 

25.807 

32.258 

38.710 

45.161 

51.613     58.065 

1 

64.516     70.968 

77.420 

83.871 

90.323 

96.774 

103.226 

109.678 

116.129   122.581 

2 

129.033  1  135.484 

141.936:148.387   154.839 

161.291 

167.742 

174.194 

180.646   187.097 

3 

193.549   200.000 

206.452  '■  212.904  219.355 

225.807 

232.259 

238.710 

245.162  251.613 

4 

258.065    264.517 

270.968  277.420  i  283.872 

290.323 

296.775 

303.226 

309.678  316.130 

5 

322.581 

329.033 

335.485:  341.936 '348.388 

354.839 

361.291 

367.743 

374.194  380.646 

6 

387.098 

393.549 

400.001   406.452  1412.904 

419.356 

425.807 

432.259 

438.711   445.162 

7 

451.614 

458.065 

464.517  470.969  477.420  483.872 

490.324 

496.775 

503.227  1  509.678 

8 

516.130 

522.582 

529.033,535.485  541.937  548.388 

554.840 

561.291 

567.743  1  574.195 

9 

580.646  1  587.098 

593.550  '  600.001   606.453   612.904 

619.356 

625.808 1  632.259  '  638.711      | 

Inches^  to  Centimeters^ — 1  in.3=i6.387i6  cm^ 

^^ 

0 

1 

2 

3 

4 

5 

6 

7             8 

9 

0 

16.39 

32.77 

49.16 

65.55 

81.94 

98.32 

114.71 

131.10 

147.48 

1 

163.87 

180.26 

196.65 

213.03 

229.42 

245.81 

262.19 

278.58 

294.97 

311.36 

2 

327.74 

344.13 

360.52 

376.90 

393.29 

409.68 

426.07 

442.45 

458.84 

475.23 

3 

491.61 

508.00 

524.39 

540.78 

557.16 

573.55 

589.94 

606.32 

622.71 

639.10 

4 

655.49 

671.87 

688.26 

704.65 

721.04 

737.42 

753.81 

770.20 

786.58 

802.97 

5 

819.36 

835.75 

852.13 

868.52 

884.91 

901.29 

917.68 

934.07 

950.46 

966.84 

6 

983.23 

999.62 

1016.00 

1032.39 

1048.78 

1065.17 

1081.55 

1097.94 

1114.33 

1130.71 

7 

1147.10 

1163.49 

1179.88 

1196.26 

1212.65 

122^.04 

1245.42 

1261.81 

1278.20 

1294.59 

8 

1310.97 

1327.36 

1343.75 

1360.13 

1376.52 

1392.91 

1409.30 

1425.68 

1442.07 

14.58.46 

9 

1474.84 

1491.23 

1507.62 

1524.01 

1540.39 

1556.78 !  1573.17 

1589.55 

1605.94 

1622.33 

Inches*  to  Centimeters* — 1  in.*=4i. 62347  cm* 

^ 

0 

1 

2 

3      • 

4 

5 

6 

7 

8 

9 

0 

41.62 

83.25 

124.87 

166.49 

208.12 

249.74 

291.36 

332.99 

374.61 

1 

416.23 

457.86     499.48 

541.11 

582.73 

624.35 

665.98 

707.60 

749.22 

790.85 

2 

832.47 

874.09     915.72 

957.34 

998.96 

1040.59 

1082.21 

1123.83 

1165.46 

1207.08 

3 

1248.70 

1290.33   1331.95 

1373.57 

1415.20 

1456.82 

1498.44 

1540.07 

1581.69 

1623.32 

4 

1664.94 

1706.56   1748.19 

1789.81 

1831.43 

1873.06 

1914.68 

1956.30 

1997.93 

2039.55 

5 

2081.17 

2122.80  2164.42 

2206.04 

2247.67 

2289.29 

2330.91 

2372.54 

2414.16 

24.55.78 

6 

2497.41   2,539.03   2580.66 

2622.28 

2663.90 

2705.53 

2747.15   2788.77 

2S30.40 

2S72.02 

7 

2913.64   2955.27!  2996.89 

3038.51 

3080.14 

3121.76 

3163.38   3205.01 

3246.63 

3288.25 

8 

3329.881  3371.50 !  3413.12 

3454.75 

3496.37 

3537.991 

3579.02  I  3621.24 

3662.87 

3704.49 

9 

3746.111  3787.74  i  3829.36 

3870.98  3912.61 

3954.23] 

3995.85 1  4037.48 

4079.10 

4120.72 
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MEASURES   AND    WEIGHTS 


METRIC  CONVERSION  TABLES 
Centimeters  to  Inches — 1  cm=0.3937  in. 


■^ 

0 

1      2 

3 

4 

5 

6      7 

8 

9 

0 

0.3937 

0.7874 

1.1811 

1.5748 

1.9685 

2.3622 

2.7559 

3.1496  3.5433 

1 

3.9370 

4.3307 

4.7244 

5.1181 

5.5118 

5.9055 

6.2992 

6.6929 

7.0866 

7.4803 

2 

7.8740 

8.2677 

8.6614 

9.0551 

9.4488 

9.8425 

10.2362 

10.6299 

11.0236 

11.4173 

3 

11.8110 

12.2047 

12.5984 

12.9921 

13.3858 

13.7795 

14.1732 

14.5669 

14.9606 

15.3543 

4 

15.7480 

16.1417 

10.5354 

16.9291 

17.3228 

17.7165 

18.1102 

18.5039 

18.8976 

19.2913 

5 

19.6850 

20.0787 

20.4724 

20.8661 

21.2598 

21.6535 

22.0472 

22.4409 

22.8346 

23.2283 

6 

23.6220 

24.0157 

24.4D94 

24.8031 

25.1968 

25.5905 

25.9842 

26.3779 

26.7716 

27.1653 

7 

27.5590 

27.9527 

28.3464 

28.7401 

29.1338 

29.5275 

29.9212 

30.3149 

30.7080 

31.1023 

8 

31.4960 

31.8897 

32.2834 

32.6771 

33.0708 

33.4645 

33.8582 

34.2519 

34.6456 

35.0393 

9 

35.4330  i  35.8267 

36.2204 

36.6141 :  37.0078 

37.4015 

37.7952 

38.1889 

38.5826 

38.9763 

Centimeter.s2  to  Inches^ — I  cm^— 0.15499969  in. 2. 


^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.15.50 ! 

0.3100 

0.4650 

0.6200 

0.7750 

0.9300 

1.0850 

1.2400 

1.3950 

1 

1.5500 

1.7050 

1.8600 

2.0150 

2.1700 

2.3250 

2.4800 

2.6350 

2.7900 

2.9450 

2 

3.1000 

3.2550 

3.4100 

3.5650 

3.7200 

3.8750 

4.0300 

4.1850 

4.3400 

4.4950 

3 

4.6500 

4.80.50 

4.9600 

5.1150 

5.2700 

5.4250 

5.5800 

5.7350 

5.8900 

6.0450 

4 

6.2000 

6.3550 

6.5100 

6.6650 

6.8200 

6.9750 

7.1300 

7.2850 

7.4400 

7.5950 

5 

7.7500 

7.9050 

8.0600 

8.2150 

8.3700  (  8.5250 

8.6800 

8.8350 

8.9900 

9.1450 

6 

9.3000 

9.4550 

9.6100 

9.7650 

9.9200  1  10.0750 

10.2.300 

10.3850 

10.5400 

10.6950 

7 

10.8500 

11.0050 

11.1600 

11.31.50111.4700  11.62.50  11.7800 

11.93.50 

12.0900 

12.2450 

8 

12.4000 

12..5550 

12.7100 

12.8650'  13.0200 1  13.1750  13..3300 

13.4850 

13.6400 

13.7950 

9 

13.9500 

14.1050 

14.2600'  14.4150:  14.5700!  14.72501  14.8800 

15.0350 

15.1900 

15.345.0 

Centimeters^ 

TO  InCHEs3- 

— 1  cm 

3=0.0610234  in. 3. 

^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.06102  1  0.12205  0.18307  0.24409 

0.30512 

0.36614 

0.42716 

0.48819  0.54921 

1 

0.61023  0.67126  ;  0.73228  0.79330  0.85433 

0.91535 

0.97637 

1.03740 

1.09842  1.15944 

2 

1.22047  1.28149  j  1.34251  !  1.40354  i  1.46456 

1.52559 

1.. 58661 

1.64763 

1.70866  1.76968 

3 

1.83070  1.89173  1  1.95275  i  2.01377  2.07480  1  2.13.582 

2.19684 

2.25787 

2.31889  [2.37991 

4 

2.44094  '  2.50196  2.5629S  '  2.62401  2.68503  |  2.74605 

2.80708 !  2.86810 

2.92912  2,99015 

5 

3.05117  ;  3.11219  3.17.322  3.23424  i  3.29526  i  3.35629 

3.41731  3.47833 

3.53936  i  3.60038 

6 

3.66140  3.72243  3.78345  3.84447  3.90550  3.96652  4.027.54  4.08857 

4.14959  4.21061 

7 

4.27164  4-33266  4..39368  4.45471  4.51573  4.57675  4.63778 . 4.69880 

4.75983  i  4.82085 

8 

4.88187  ;  4.94290  5.00392  5.06494  5.12597  i  5.18699  |  5.24801  5.30904 

5.37006  5.43108 

9 

5.49211 

5.55313 

5.61415 

5.67518 

5.73620 

5.79722 

5.85825 

5.91927 

5.98029 

0.04132 

Centimeters* 

TO  Inches* 

— 1  cm*=0.0240249  in.*. 

^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.02402 

0.04805 

0.07207 

0.09610 

0.12012 

0.14415 

0.16817 

0.19220 

0.21622 

1 

0.24025 

0.26427  j  0.28830 

0.31232 

0.33635 

0.36037 

0.38440 

0.40842 

0.43245 

0.45647 

2 

0.48050 

0.50452  ;  0.528.55 

0..55257 

0.57660 

0.60002 

0.62465 

0.04867 

0.67270 

0.69672 

3 

0.72075 

0.74477 

0.76S80 

0.79282 

0.81685 

0.84087 

0.86490 

0.88892 

0.91295 

0.93697 

4 

0.96100  1  0.98502 

1.00905 

1.03307 

1.05710 

1.08112 

1.10515 

1.12917 

1.15.320 

1.17722 

5 

1.20125  i  1.22527 

1.24930 

1.27332 

1.29734 

1.32137 

1.34,539 

1.36942 

1.39344 

1.41747 

6 

1.44149  1.46552 

1.48954 

1.51.3.57 

1.. 53759 

1.56162 

1.. 58564 

1.60967 

1.63369 

1.65772 

7 

1.68174  1.70577 

1.72979 

1.75382 

1.77784 

1.80187 

1.82589 

1.84992 

1.87394 

1.89797 

8 

1.92199  !  1.94602 

1.97004 

1.99407 

2.01809 

2.04212 

2.06614 

2.09017 

2.11419 

2.13822 

9 

2.16224 

2.18627 

2.21029 

2.23432 

2.25834 

2.28237 

2.30639 

2.33042 

2.35444 

2.37847 
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CARNEGIE 

STEEL    COMPANY 

METRIC  CONVERSION  TABLES 

Feet  to  Meters — 1  ft.=o.30-iso06  m 

^^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.3048 

0.6096 

0.9144 

1.2192 

1.5240 

1.8288 

2.1336 

2.4384 

2.7432 

1 

3.0480 

3.3528 

3.6576 

3.9624 

4.2672 

4.5720 

4.8768 

5.1816 

5.4864 

5.7912 

2 

6.0960 

6.4008 

6.7056 

7.0104 

7.3152 

7.6200 

7.9248 

8.2296 

8.5344 

8.8392 

3 

9.1440 

9.4488 

9.7536 

10.0584 

10.3632 

10.6680 

10.9728 

11.2776 

11.5824 

11.8872 

4 

12.1920 

12.4968 

12.8016 

13.1064 

13.4112 

13.7160 

14.0208 

14.3256 

14.6304 

14.9352 

5 

15.2400 

15.5448 

15.8496 

16.1544 

16.4592 

16.7640 

17.0688 

17.3736 

17.6784 

17.9832 

6 

18.2880 

18.5928 

18.8976 

19.2024 

19.5072 

19.8120 

20.1168 

20.4216 

20.7264 

21.0312 

7 

21.3360 

21.6408 

21.9456 

22.2504 

22.5552 

22.8600 

23.1648 

23.4696 

23.7744 

24.0792 

8 

24.3840 

24.6888 

24.9936 

25.2984 

25.6033 

25.90S1 

26.2129 

26.5177 

26.8225 

27.1273 

9 

27.4321 

27.7369 

28.0417 

28.3465 

28.6513 

28.9561 

29.2609 

29.5657 

29.8705 

30.1753 

POUNL 

>s  PER  Foot  to  Kilograms  per  Meter — 1  lb./ft.=i.488i6i  kg/m 

^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1.488 

2.976 

4.464 

5.953 

7.441 

8.929 

10.417 

11.905 

13.393 

1 

14.882 

16.370 

17.858 

19.346 

20.834 

22.322 

23.811 

25.299 

26.787 

28.275 

2 

29.763 

31.251 

32.740 

34.228 

35.716 

37.204 

38.692 

40.180 

41.669 

43.157 

3 

44.645 

46.133 

47.621 

49.109 

50.597 

52.086 

53.574 

55.062 

56.550 

58.038 

4 

59.526 

61.015 

62.503 

63.991 

65,479 

66.967 

68.455 

69.944 

71.432 

72.920 

5 

74.408 

75.896 

77.384 

78.873 

80.361 

81.849 

S3.337 

84.825 

86.313 

87.802 

6 

89.290 

90.778 

92.266 

93.754 

95.242 

96.730 

98.219 

99.707 

101.195 

102.683 

7 

104.171 

105.659 

107.148 

108.636 

110.124 

111.612 

113.100 

114.588 

116.077 

117.565 

8 

119.053 

120.541 

122.029 

123.517 

125.006 

126.494 

127.982 

129.470 

130.958 

132.446 

9 

133.934   135.423 

136.911 

138.399 

139.887 

141.375 

142.863 

144.352 

145.840 

147.328 

Pound 

s  PER  Sq.  Inch  to  Kg.  per  Sq.  Cm. — llb./in.2=o.0703067kg/cm3 

^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.07031 

0.14061 

0.21092 

0.28123 

0.35153 

0.42184 

0.49215 

0.56245 

0.63276 

1 

0.70307 

0.77337 

0.84368 

0.91399 

0.98429 

1.05460 

1.12491 

1.19521 

1.26552 

1.33583 

2 

1.40613 

1.47644 

1.54675 

1.61705 

1.68736 

1.75767 

1.82797 

1.89828 

1.96859 

2.03889 

3 

2.10920 

2.17951 

2.24981 

2.32012 

2.39043 

2.46073 

2.53104 

2.60135 

2.67165 

2.74196 

4 

2.81227 

2.88257 

2.95288 

3.02319 

3.09349 

3.10380 

3.23411 

3.30441 

3.37472 

3.44503 

5 

3.51534 

3.58564 

3.65595 

3.72626 

3.79656 

3.86687 

3.93718 

4.00748 

4.07779 

4.14810 

6 

4.21840 

4.28871 

4.35902 

4.42932 

4.49963 

4.56994 

4.64024 

4.71055 

4.78086 

4.85116 

7 

4.92147 

4.99178 

5.06208 

5.13239 

5.20270 

5.27300 

5.34331 

5.41362 

5.4S392 

5.55423 

8 

5.62454 

5.69484 

5.76515 

5.83546 

5.90576 

5.97607 

6.04638 

6.11668 

6.18699 

6.25730 

9 

6.32760 

6.39791 

6.46822 

6.53852 

6.60883 

6.67914 

6.74944 

6.81975 

6.89006 

6.96036 

Inch- 

Pounds  to  Kilogram-Centimeters — 1  in-lb.=i. 152127  kg-cm 

^* 

0 

1 

2 

3 

i 

5 

6 

7 

8 

9 

0 

1.152 

2.304 

3.456 

4.609 

5.761 

6.913 

8.065 

9.217 

10.369 

1 

11.521 

12.673 

13.826 

14.978 

16.130 

17.282 

18.434 

19.586 

20.738 

21.890 

2 

23.043 

24.195 

25.347 

26.499 

27.651 

28.803 

29.955 

31.107 

32.260 

33.412 

3 

34.564 

35.716 

36.868 

38.020 

39.172 

40.324 

41.477 

42.629 

43.781 

44.033 

4 

46.085 

47.237 

48.389 

49.541 

50.694 

51.846 

52.998 

54.150 

55.302 

56.454 

£ 

57.606 

58.758 

59.911 

61.063 

62.215 

63.367 

64.519 

65.671 

66.823 

67.975 

6 

69.128 

70.280 

71.432 

72.584 

73.736 

74.888 

76.040 

77.193 

78.345 

79.497 

7 

80.649 

81.801 

82.953 

84.105 

85.257 

86.410 

87..562 

88.714 

89.866 

91.018 

8 

92.170 

93.322 

94.474 

95.627 

96.779 

97.931 

99.083 

100.235 

101.387 

102.539 

9 

103.691 

104.844 

105.996 

107.148 

108.300 

109.452 

110.604 

111.756 

112.908    114.061 
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MEASURES 

AND 

WEIGHTS 

METRIC  CONVERSION  TABLES 

Meters  to  Feet — 1  m=3.280S333  ft. 

>^<^i. 
^%^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

3.281 

6.562 

9.843 

13.123 

16.404 

19.685 

22.966 

26.247 

29.528 

1 

32.808 

36.089 

39.370 

42.651 

45.932 

49.213 

52.493 

55.774 

59.055 

62.336 

2 

65.617 

68.898 

72.178 

75.459 

78.740 

82.021 

85.302 

88.583 

91.863 

95.144 

3 

98.425 

101.706 

104.987 

108.268 

111.548 

114.829 

118.110 

121.391 

124.672 

127.953 

4 

131.233 

134.514 

137.795 

141.076 

144.357 

147.638 

1.50.918 

154.199 

157.480 

160.761 

0 

164.042 

107.323 

170.603 

173.884 

177.105 

1S0.446 

183.727 

187.008 

190.288 

193.569 

6 

196.850 

200.131 

203.412 

206.693 

209.973 

213.254 

210.535 

219.816 

223.097 

226.378 

7 

229.658 

232.939 

236.220 

239.501 

242.782 

246.063 

249.343 

252.624 

255.905 

259.186 

8 

262.467 

265.748 

269.028 

272.309 

275.590 1  278.871 

282.152 

285.433 

288.713 

291.994 

9 

295.275 

298..556 

301.837 

305.118 

308.398 1311.679 

314.960 

318.241 

321.522 

324.803 

Kilograms  Per  Meter  to  Pounds  Per  Foot — 1  kg/m=o. 67197  lb. /ft. 

^* 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

1    0.6720 

1.3439     2.0159 

2.6879 

3.3599 

4.0318 

4.7038 

5.3758 

6.0477 

1 

6.71971   7.3917 

8.0636     8.7356 

9.4076 

10.0796 

10.7515 

11.4235 

12.0955 

12.7674 

2 

13.43941  14.1114 

14.7833   15.4553 

16.1273 

16.7993 

17.4712 

18.1432 

18.8152 

19.4871 

3 

20.1591 

20.8311 

21.5030 

22.1750 

22.8470 

23.5190 

24.1909 

24.8629 

25.5349 

26.2068 

4 

26.8788 

27.5508 

28.2227 

28.8947 

29.5667 

30.2387 

30.9106 

31.5826 

32.2546 

32.9265 

5 

33.5985 

34.2705 

34.9424 

35.6144 

36.2804 

36.9584 

37.6303 

38.3022 

3S.9743 

39.6462 

6 

40.3182 

40.9902 

41.6621 

42.3341 

43.0061 

43.6781 

44.3500 

45.0220 

45.6940 

46.3659 

7 

47.0379 

47.7099 

48.3818 

49.0538 

49.7258 

50.3978 

51.0697 

51.7417 

52.4137 

53.0856 

8 

53.7576 

54.4296 

55.1015 

55.7735 

56.4455 

57.1175 

57.7894 

.58.4614 

.59.1.334 

59.8053 

9 

60.4773  !  61.1493 

61.8212 

62.4932 

63.1652 

63.8372 

64.5091 

65.1811 

65.8531 

66.5250 

Kg.  per  Sq.  Cm.  to  Pounds  per  Sq.  Inch — 1  kg/cm2=i4.2234  Ibs./in.s 

\^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

14.22 

28.45 

42.67 

56.89 

71.12 

85.34 

99.56 

113.79 

128.01 

1 

142.23 

156.46 

170.68 

184.90 

199.13 

213.35 

227.57 

241.80 

256.02 

270.24 

2 

284.47 

298.69 

312.91     327.14 

341.36 

355.59 

369.81 

384.03 

39S.26 

412.48 

3 

426.70 

440.93 

455.15     469.37 

483.60 

497.82 

512.04 

526.27 

540.49 

554.71 

4 

568.94 

583.16 

597.38 

611.61 

625.83 

640.05 

654.28 

668.50 

0S2.72 

696.95 

5 

711.17 

725.39 

739.62 

753.84 

768.06 

782.29 

796.51 

810.73 

824.90 

839.18 

6 

853.40 

867.63 

881.85 

896.07 

910.30 

924.52 

938.74 

952.97 

967.19 

981.41 

7 

995.64 

1009.86 

1024.08 

1038.31 

1052.53 

1066.76 

1080.98 

1095.20 

1109.43 

1123.65 

8 

1137.87 

1152.10 

1166.32 

1180.54 

1194.77 

1208.99 

1223.21 

1237.44 

1251.66 

1205.88 

9 

1280.11 

1294.,33 

1308.55 

1322.78 

13.37.00 11351.22 

1365.45 

1379.67  i  1.393.89 

1408.12 

KiLOG 

RAM-Centimeters  to  Inch-Pounds — 1  kg/cm=0.86796  in./lb. 

<\ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.8680     1.73.59 

2.6039 

3.4718 

4.3398 

5.2078 

6.0757 

6.9437 

7.8116 

1 

8.6796 

9.5470    10.4155 

11.2835 

12.1514 

13.0194 

13.8874 

14.7553 

15.6233 

16.4912 

2 

17.3592 

18.2272 

19.0951 

19.9631 

20.8310 

21.6990 

22.5670 

23.4349 

24.3029 

25.1708 

3 

26.0388 

26.9068 

27.7747 

28.6427 

29.5106 

30.3786 

31.2466 

32.1145 

32.9825 

33.8504 

4 

34.7184 

35.5864 

36.4543 

37.3223 

38.1902 139.0582 

39.9262 

40.7941 

41.6021 '42.5300     | 

5 

43.3980 

44.2660 

45.1339 

46.0019 

46.8698 

47.7378 

48.6058 

49.4737 

50.3417 

51.2096 

6 

52.0776 

52.9456 

53.8135 

54.6815 

55..5494 

56.4174 

57.2854 

58.1533 

59.0213 

59.8892 

7 

60.7572 

61.6252 

62.4931 

63.3611 

64.2290 

65.0970 

65.9650 

66.8329 

67.7009 

68.5688 

8 

69.4368 

70.3048 

71.1727 

72.0407 

72.9086 

73.7766 

74.6446 

75.5125 

76.3805 

77.2484 

9 

78.1164 

78.9844 

79.8523 

80.7203 

81.5882 

82.4562 

83.3242 

84.1921 

85.0601 

85.9280 

3.59 


CARNEGIE 

STEEL 

COMPANY 

METRIC  CONVERSION  TABLE 

Inches  to  Millimeters 

39.37  inches,  IT 

.  S.  Standard=l  meter=100  centimeters= 

1000  miUimeters. 

Inches 

0 

Vie 

Vs 

yie 

Vi 

^Ae 

% 

v'i« 

0 

0.00 

1.59 

3.18 

4.76 

6.35 

7.94 

9.53 

11.11 

1 

25.40 

26.99 

28.58 

30.16 

31.75 

33.34 

34.93 

36.51 

2 

50.80 

52.39 

53.98 

55.56 

57.15 

58.74 

60.33 

61.91 

3 

76.20 

77.79 

79.38 

80.96 

82.55 

84.14 

85.73 

87.31 

4 

101.60 

103.19 

104.78 

106.36 

107.95 

109.54 

111.13 

112.71 

5 

127.00 

128.59 

130.18 

131.76 

133.35 

134.94 

136.53 

138.11 

6 

152.40 

153.99 

155.58 

157.16 

158.75 

160.34 

161.93 

163.51 

7 

177.80 

179.39 

180.98 

182.56 

184.15 

185.74 

187.33 

188.91 

8 

203.20 

204.79 

206.38 

207.96 

209.55 

211.14 

212.73 

214.31 

9 

228.60 

230.19 

231.78 

233.36 

234.95 

236.54 

238.13 

239.71 

10 

254.00 

255.59 

257.18 

258.76 

260.35 

261.94 

263.53 

265.11 

11 

279.40 

280.99 

282.58 

284.16 

285.75 

287.34 

288.93 

290.51 

12 

304.80 

306.39 

307.98 

309.56 

311.15 

312.74 

314.33 

315.91 

13 

330.20 

331.79 

333.38 

334.96 

336.55 

338.14 

339.73 

341.31 

14 

355.60 

357.19 

358.78 

360.36 

361.95 

363.54 

365.13 

366.71 

15 

381.00 

382.59 

384.18 

385.76 

387.35 

388.94 

390.53 

392.11 

16 

406.40 

407.99 

409.58 

411.16 

412.75 

414.34 

415.93 

417.51 

17 

431.80 

433.39 

434.98 

436.56 

438.15 

439.74 

441.33 

442.91 

18 

457.20 

458.79 

460.38 

461.96 

463.55 

465.14 

466.73 

468.31 

19 

482.60 

484.19 

485.78 

487.36 

488.95 

490.54 

492.13 

493.71 

20 

508.00 

509.59 

511.18 

512.76 

514.35 

515.94 

517.53 

519.11 

21 

533.40 

534.99 

536.58 

538.16 

539.75 

541.34 

542.93 

544.51 

22 

558.80 

560.39 

561.98 

563.56 

565.15 

566.74 

568.33 

569.91 

23 

684.20 

585.79 

587.38 

588.96 

590.55 

592.14 

593.73 

595.31 

24 

609.60 

611.19 

612.78 

614.36 

615.95 

617.54 

619.13 

620.71 

25 

635.00 

636.59 

638.18 

639.76 

641.35 

642.94 

644.53 

646.11 

26 

660.40 

661.99 

663.58 

665.16 

666.75 

668.34 

669.93 

671.51 

27 

685.80 

687.39 

688.98 

690.56 

692.15 

693.74 

695.33 

696.91 

28 

711.20 

712.79 

714.38 

715.96 

717.55 

719.14 

720.73 

722.31 

29 

736.60 

738.19 

739.78 

741.36 

742.95 

744.54 

746.13 

747.71 

30 

762.00 

763.59 

765.18 

766.76 

768.35 

769.94 

771.53 

773.11 

31 

787.40 

788.99 

790.58 

792.16 

793.75 

795.34 

796.93 

798.51 

32 

812.80 

814.39 

815.98 

817.56 

819.15 

820.74 

822.33 

823.91 

33 

838.20 

839.79 

841.38 

842.96 

844.55 

846.14 

847.73 

849.31 

34 

863.60 

865.19 

866.78 

868.36 

869.95 

871.54 

873.13 

874.71 

35 

889.00 

890.59 

892.18 

893.76 

895.35 

896.94 

898.53 

900.11 

36 

914.40 

915.99 

917.58 

919.16 

920.75 

922..34 

923.93 

925.51 

37 

9.39.80 

941.39 

942.98 

944.56 

946.15 

947.74 

949.33 

950.91 

38 

965.20 

966.79 

968.38 

969.96 

971.55 

973.14 

974.73 

976.31 

39 

990.60 

992.19 

993.78 

995.36 

996.95 

998.54 

1000.13 

1001.71 

40 

1016.00 

1017.59 

1019.18 

1020.76 

1022.35 

1023.94 

1025.53 

1027.11 

41 

1041.40 

1042.99 

1044.58 

1046.16 

1047.75 

1049.34 

1050.93 

1052.51 

42 

1066.80 

1068.39 

1069.98 

1071.56 

1073.15 

1074.74 

1076.33 

1077.91 

43 

1092.20 

1093.79 

1095.38 

1096.96 

1098.55 

1100.14 

1101.73 

1103.31 

44 

1117.60 

1119.19 

1120.78 

1122.36 

1123.95 

1125.54 

1127.13 

1128.71 

45 

1143.00 

1144.59 

1146.18 

1147.76 

1149.35 

1150.94 

1152.53 

1154.11 

46 

1168.40 

1169.99 

1171.58 

1173.16 

1174.75 

1176.34 

1177.93 

1179.51 

47 

1193.80 

1195.39 

1196.98 

1198.56 

1200.15 

1201.74 

1203.33 

1204.91 

48 

1219.20 

1220.79 

1222.38 

1223.96 

1225.55 

1227.14 

1228.73 

1230.31 

49 

1244.60 

1246.19 

1247.78 

1249.36 

1250.95 

1252.54 

1254.13 

1255.71 

50 

1270.00 

1271.59 

1273.18 

1274.76 

1276.35 

1277.94 

1279.53 

1281.11 

360 


MEASURES  AND  WEIGHTS 


METRIC  CONVERSION 

TABLE 

Inches 

TO  Millimeters 

39.37 

nches,  U.  S.  Standar(l=l 

meters 

100  centimeters=1000  millimeters 

Inches 

V2 

%o 

% 

Hie 

% 

i?io 

% 

l^Ao 

0 

12.70 

14.29 

15.88 

17.46 

19.05 

20.64 

22.23 

23.81 

1 

38.10 

39.69 

41.28 

42.86 

44.45 

46.04 

47.63 

49.21 

2 

63.50 

65.09 

66.68 

68.26 

69.85 

71.44 

73.03 

74.61 

3 

88.90 

90.49 

92.08 

93.66 

95.25 

96.84 

98.43 

100.01 

4 

114.30 

115.89 

117.48 

119.06 

120.65 

122.24 

123.83 

125.41 

.   5 

139.70 

141.29 

142.88 

144.46 

146.05 

147.64 

149.23 

150.81 

6 

165.10 

106.69 

168.28 

169.86 

171.45 

173.04 

174.63 

176.21 

7 

190.50 

192.09 

193.68 

195.26 

196.85 

198.44 

200.03 

201.61 

8 

215.90 

217.49 

219.08 

220.66 

222.25 

223.84 

225.43 

227.01 

9 

241.30 

242.89 

244.48 

246.06 

247.65 

249.24 

250.83 

252.41 

10 

266.70 

268.29 

269.88 

271.46 

273.05 

274.64 

276.23 

277.81 

11 

292.10 

293.69 

295.28 

296.86 

298.45 

300.04 

301.63 

303.21 

12 

317.50 

319.09 

320.68 

322.26 

323.85 

325.44 

327.03 

328.01 

13 

342.90 

344.49 

346.08 

347.66 

349.25 

350.  S4 

352.43 

3.54.01 

14 

368.30 

369.89 

371.48 

373.06 

374.65 

376.24 

377.83 

379.41 

15 

393.70 

395.29 

396.88 

398.46 

400.05 

401.64 

403.23 

404.81 

16 

419.10 

420.69 

422.28 

423.86 

425.45 

427.04 

428.63 

430.21 

17 

444.50 

446.09 

447.68 

449.26 

450.85 

452.44 

4.54.03 

4.55.61 

18 

469.90 

471.49 

473.08 

474.66 

476.25 

477.84 

479.43 

481.01 

19 

495.30 

496.89 

498.48 

500.06 

501.65 

503.24 

504.83 

506.41 

20 

520.70 

522.29 

523.88 

525.46 

527.05 

528.64 

530.23 

531.81 

21 

546.10 

.547.69 

549.28 

550.86 

552.45 

554.04 

555.63 

5.57.21 

22 

571.50 

573.09 

574.68 

576.26 

577.85 

579.44 

581.03 

582.61 

23 

596.90 

598.49 

600.08 

601.66 

603.25 

604.84 

606.43 

608.01 

24 

622.30 

623.89 

625.48 

627.06 

628.65 

630.24 

631.83 

633.41 

25 

647.70 

649.29 

650.88 

652.46 

654.05 

655.64 

657.23 

658.81 

26 

673.10 

674.69 

676.28 

677.80 

679.45 

681.04 

682.63 

684.21 

27 

698.. 50 

700.09 

701.68 

703.26 

704.85 

706.44 

708.03 

709.61 

28 

723.90 

725.49 

727.08 

728.66 

730.25 

731.84 

733.43 

735.01 

29 

749.30 

750.89 

752.48 

754.06 

755.65 

757.24 

758.83 

760.41 

30 

774.70 

776.29 

777.88 

779.46 

781.05 

782.64 

784.23 

785.81 

31 

800.10 

801.69 

803.28 

804.86 

806.45 

808.04 

809.63 

811.21 

32 

825.50 

827.09 

828.68 

830.26 

831.85 

833.44 

835.03 

836.61 

33 

850.90 

852.49 

854.08 

855.66 

857.25 

858.84 

860.43 

862.01 

34 

876.30 

877.89 

879.48 

881.06 

882.65 

884.24 

885.83 

887.41 

35 

901.70 

903.29 

904.88 

906.46 

908.05 

909.64 

911.23 

912.81 

36 

927.10 

928.69 

9.30.28 

931.86 

933.45 

935.04 

936.63 

9.38.21 

37 

952.50 

9.54.09 

955.68 

957.26 

958.85 

960.44 

902.03 

963.61 

38 

977.90 

979.49 

981.08 

982.66 

984.25 

985.84 

987.43 

989.01 

39 

1003.30 

1004.89 

1006.48 

1008.06 

1009.65 

1011.24 

1012.83 

1014.41 

40 

1028.70 

1030.29 

1031.88 

1033.46 

1035.05 

1036.64 

1038.23 

1039.81 

41 

10.54.10 

10.55.69 

10.57.28 

1058.86 

1060.45 

1062.04 

1063.63 

1065.21 

42 

1079.50 

1081.09 

1-082.68 

1084.26 

1085.85 

1087.44 

1089.03 

1090.61 

43 

1104.90 

1106.49 

1108.08 

1109.66 

1111.25 

1112.84 

1114.43 

1116.01 

44 

1130.30 

1131.89 

11.33.48 

1135.06 

1136.65 

1138.24 

1139.83 

1141.41 

45 

1155.70 

1157.29 

1158.88 

1160.46 

1162.05 

1163.64 

1165.23 

1166.81 

46 

1181.10 

1182.69 

1184.28 

1185.86 

1187.45 

1189.04 

1190.63 

1192.21 

47 

1206..50 

120K.09 

120;».68 

1211.26 

1212.85 

1214.44 

1216.03 

1217.61 

48 

1231.90 

12:i.3.49 

1235.08 

1236.66 

1238.25 

12.39.84 

1241.43 

1243.01 

12 

1257.30 

1258.89 

1260.48 

1202.06 

1263,65 

1265.24 

1266.83 

1268.41 

50 

1282.70 

1284.29 

1285.88 

1287.46 

1289.05 

1290.64 

1292.23 

1293.81 

361 


CARNEGIE 

STEEL    COMPANY 

METRIC  CONVERSION 

TABLE 

Pounds  Avoirdupois 

TO  Kilograms 

1  Pound= 

3.45359 

KUograms 

^ 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

0 

0.45 

0.91 

1.36 

1.81 

2.27 

2.72 

3.18 

3.63 

4.08 

1 

4.54 

4.99 

5.44 

5.90 

6.35 

6.80 

7.26 

7.71 

8.16 

8.62 

2 

9.07 

9.53 

9.98 

10.43 

10.89 

11.34 

11.79 

12.25 

12.70 

13.15 

3 

13.61 

14.06 

14.51 

14.97 

15.42 

15.88 

16.33 

16.78 

17.24 

17.69 

4 

18.14 

18.60 

19.05 

19.50 

19.96 

20.41 

20.87 

21.32 

21.77 

22.23 

5 

22.68 

23.13 

23.59 

24.04 

24.49 

24.95 

25.40 

25.85 

26.31 

26.76 

6 

27  22 

27.67 

28.12 

28.58 

29.03 

29.48 

29.94 

30.39 

30.84 

31.30 

7 

31175 

32.21 

32.66 

33.11 

33.57 

34.02 

34.47 

34.93 

35.38 

35.83 

8 

36.29 

36.74 

37.19 

37.65 

38.10 

38.56 

39.01 

39.46 

39.92 

40.37 

9 

40.82 

41.28 

41.73 

42.18 

42.64 

43.09 

43.54 

44.00 

44.45 

44.91 

10 

45.36 

45.81 

46.27 

46.72 

47.17 

47.63 

48.08 

48.53 

48.99 

49.44 

11 

49.90 

50.35 

50.80 

51.26 

51.71 

52.16 

52.62 

53.07 

53.52 

53.98 

12 

54.43 

54.88 

55. .34 

55.79 

56.25 

56.70 

57.15 

57.61 

58.06 

58.51 

13 

58.97 

59.42 

59.87 

60.33 

60.78 

61.23 

61.69 

62.14 

62.60 

63.05 

14 

63.50 

63.96 

64.41 

64.86 

65.32 

65.77 

66.22 

66.68 

67.13 

67.59 

15 

68.04 

68.49 

68.95 

69.40 

69.85 

70.31 

70.76 

71.21 

71.67 

72.12 

16 

72.57 

73.03 

73.48 

73.94 

74.39 

74.84 

75.30 

75.75 

76.20 

76.66 

17 

77.11 

77.56 

78.02 

78.47 

78.93 

79.38 

79.83 

80.29 

80.74 

81.19 

18 

81.65 

82.10 

82.55 

83.01 

83.46 

83.91 

84.37 

84.82 

85.28 

85.73 

19 

86.18 

86.64 

87.09 

87.54 

88.00 

88.45 

88.90 

89.36 

89.81 

90.26 

20 

90.72 

91.17 

91.63 

92.08 

92.53 

92.99 

93.44 

93.89 

94.35 

94.80 

21 

95.25 

95.71 

96.16 

96.62 

97.07 

97.52 

97.98 

98.43 

98.88 

99.34 

22 

99.79 

100.24 

100.70 

101.15 

101.60 

102.06 

102.51 

102.97 

103.42 

103.87 

23 

104.33 

104.78 

105.23 

105.69 

106.14 

106.59 

107.05 

107.50 

107.96 

108.41 

24 

108.86 

109.32 

109.77 

110.22 

110.68 

111.13 

111.58 

112.04 

112.49 

112.94 

25 

113.40 

113.85 

114.31 

1J4.76 

115.21 

115.67 

116.12 

116.57 

117.03 

117.48 

26 

117.93 

118.39 

118.84 

119.29 

119.75 

120.20 

120.66 

121.11 

121.56 

122.02 

27 

122.47 

122.92 

123.38 

123.83 

124.28 

124.74 

125.19 

125.65 

126.10 

126.55 

28 

127.01 

127.46 

127.91 

128.37 

128.82 

129.27 

129.73 

130.18 

130.63 

131.09 

29 

131.54 

132.00 

132.45 

132.90 

133.36 

133.81 

134.26 

134.72 

135.17 

135.62 

30 

136.08 

136.53 

136.98 

137.44 

137.89 

138.35 

138.80 

139.25 

139.71 

140.16 

31 

140.61 

141.07 

141.52 

141.97 

142.43 

142.88 

143.34 

143.79 

144.24 

144.70 

32 

145.15 

145.60 

146.06 

146.51 

146.96 

147.42 

147.87 

148.32 

148.78 

149.23 

33 

149.69 

160.14 

150.59 

151.05 

151.50 

151.95 

152.41 

152.86 

153.31 

153.77 

34 

154.22 

154.68 

155.13 

155.58 

156.04 

156.49 

156.94 

157.40 

157.85 

158.30 

35 

158.76 

159.21 

159.66 

160.12 

160.57 

161.03 

161.48 

161.93 

162.39 

162.84 

36 

163.29 

163.75 

164.20 

164.65 

165.11 

165.56 

166.01 

166.47 

166.92 

167.38 

37 

167.83 

168.28 

168.74 

169.19 

169.64 

170.10 

170.55 

171.00 

171.46 

171.91 

38 

172.37 

172.82 

173.27 

173.73 

174.18 

174.63 

175.09 

175.54 

175.99 

176.45 

39 

176.90 

177.35 

177.81 

178.26 

178.72 

179.17 

179.62 

180.08 

180.53 

180.98 

40 

181.44 

181.89 

182.34 

182.80 

183.25 

183.70 

184.16 

184.61 

185.07 

185.52 

41 

185.97 

186.43 

186.88 

187.33 

187.79 

188.24 

188.69 

189.15 

189.60 

190.06 

42 

190.51 

190.96 

191.42 

191.87 

192.32 

192.78 

193.23 

193.68 

194.14 

194.69 

43 

195.04 

195.50 

195.95 

196.41 

196.86 

197.31 

197.77 

198.22 

198.67 

199.13 

44 

199.58 

200.03 

200.49 

200.94 

201.40 

201.85 

202.30 

202.76 

203.21 

203.66 

45 

204.12 

204.57 

205.02 

205.48 

205.93 

206.38 

206.84 

207.29 

207.75 

208.20 

46 

208.65 

209.11 

209.56 

210.01 

210.47 

210.92 

211.37 

211.83 

212.28 

212.73 

47 

213.19 

213.64 

214.10 

214.55 

215.00 

215.46 

215.91 

216.36 

216.82 

217.27 

48 

217.72 

218.18 

218.63 

219.09 

219.54 

219.99 

220.45 

220.90 

221.35 

221.81 

49 

222.26 

222.71 

223.17 

223.62 

224.07 

224.53 

224.98 

225.44 

225.89 

226.34 

362 


MEASURES  AND   WEIGHTS 


METRIC  CONVERSION  TABLE 

Pounds  Avoirdupois  to  Kilograms 
1  Poimd=0.45359  Kilograms 


50 
51 
52 
53 
54 
55 

56 
57 
58 
59 
60 

61 
62 
63 
64 
65 

66 
67 
68 
69 
70 

71 
72 
73. 

74 
75 

76 
77 
78 
79 
80 

81 
82 
83 
84 
85 

86 
87 
88 
89 
90 

91 
92 
93 
94 
95 


226.80  227.25'  227.70  228. 16 
231.33  231.791 232.24  232.69 
235.87  236.321236.781237.23 
240.40  240.86!  241.31  241 


228.61' 229.06 
233.15  233.60 
237.68!  238.14 
242.22!  242.67 


244.94  245.39  245.85  246.30;  246.75!  247.21 


229.52 
234.05 
238.59 
243.13 
247.66 


249.48  249.93  250.38  250.84  251.29  251.74  252.20 


254.01  254.47  254.92  255.37  255.83  256.28 
258.55  259.00259.45  259.91  260.36  260.82 
263. OS  2r)3..">4  263.991264.44  264.90'  265.35 
267.62  2I3S.07  268.53i268.98  269.43,  269.89 
272.16  272.61  273.06  273.52  273.97  274.42 


276.69,277.14  277.60 
281.23;  281.68!  282. 13 
285.76  286.22!  286.67 
200.30  290.751 291. 21 
294.84  295.291295.74 


278.05  278.51  278.96 


282.59 
287.12 
291.66 
296.20 


283.04  283.50 
287.58  288.03 
292.11  292.57 
296.65  297.10 


256.73 
261.27 
265.81 
270.34 

274.88 


229.97  230.42  230.88 
234.51  234.96  235.41 
239.04  239.60;  239.95 
243. 58^  244.03!  244.49 
248.12!  248.57  249.02 
252.65  253.10  253.56 


257.19!  257.64 
261.72  262.18 
266.26  266.71 
270.79  271.25 
275.33  275.78 


258.09 
262.63 

267.17 
271.70 
276.24 


279.41  279.87' 280.32!  280.77 
283.95  284.40  284.86  285.31 
288.48  288.94^  289.39'  289.85 
293.021  293.47  293.93  294.38 
297.56  298.011  298.46  298.92 


299.37  299.82  300.281300.73  301.19  301.64  302.09 


303.91  304.361 304.81 
308.44  308.90  309.35 
312.98  313.43  313.89 
317.51  317.97  318.42 


305.27' 305.72  306.171  306.63 


309.80,310.26  310.71 
314.34  314.79  315.25 
318.881319.33  319.78 


322.05l322.50  322.96  323.41  323.86  324.32  324.77 
326.59  327.04  327.49  327.95  328.40  328.85  329.31 
331.12  331.58!  332.03  332.48!  332.94  333.39  .333.84 
.3.35.66  336. 1 1  336.57  337.02  ,337.47  337.9.3;  .338.38 
340.19  340.65  .341.10  341.56  342.01,  342.46  342.92 


311.16: 
315.70 


302.55  303.00  303.45 
307.08  307.54  307.99 
:  311.62  312.07  312.53 
316.15  316.61  317.06 


320.24  320.69,  321.14  321.60 


325.23  325.68  326.13 
329.76;  330.22!  330.67 
3.34.30  334.75!  335.20 
338.83  339.29  339.74 
343.37,  343.82,  344.28 


344.73  345. is' 345.64!  346.09  346.54  347.00  347.45  347.91  348.36  348.81 
349.271 349.721 3.50.17  350.63  351.08' .351.53  351.99  352.44  352.89  353.35 
353.80  .3.54.26  3.54.71' 355. 16  355.62  356.071  356.52  356.98  357.43'  357.88 
3.58.34  3.58.79  359.2.5  359.70  360.15  .360.61  .361.06  361.51  361.97,362.42 
362.87  363.33  363.78  364.23^364.69  365.14  365.60  366.05  366.50j  366.96 


367.41!  367.86  368.32  368.77  369.22  369.68 


371.95 
376.48 
381.02 
385.55 


372.401372.8.5  373.31 
376.94  377.391377.84 
381.47  .381.92  382.33 
386.01  386.46  386.91 


373.76  .374.21 
378. .30  378.75 
382.83  383.29 
387.37  387.82 


370.13  370.59!  371.04  371.49 
374.67  375.12;  375.57  376.03 
379.20  379.66' 380.1 11380.56 
383.74  384.19  384.65  385.10 
388.28  388.73  389.18  389.64 


390.09  .390..54  391.00!  .391.45  391.90  .392.36  392.81  .393.26  .393.72  394.17 
394.63  .395.08' .395.53  .395.99!  396.44J  396.89  397.3.5  .397. 80!  398.25  398.71 
399.16  390.61  400.07  400.52  400.08!  401.43  401.S.S  402.34  402.79  403.24 
403. 7S  404.1.^.  404.60  405. 0(i  405.51  405.07  406.42  406.87  407. .33  407.78 
408.23  408.60  400.14  400.50  410.05  410.50  410.95  411.41  411.86  412.32 


412.77  413.22  413.68 
i417.31i417. 76  418.21 
'  421. S4  422.29*422.75 


414.1.31414.58  415.14  415.49 
418.67  419.12  419.57  420.03 
423.20  423.66  424.11  424.56 


126. .js  426.83  427.28  427.74  428.19  428.64' 429.10 


415.94 
420.48! 
425.02 
429..55 


416.40  416.85 
420.93  421.39 
425.47  425.92 
4.30.01  430.46 


4:',0.01  431.37  431.82  432.27  432.73  433.18  433.63  434.09  434.54  435.00 


96  435.4.5  4.35.90 

97  439.981 440.44 

98  I  444.52  444.97 

99  1449.061449.51 


4.36..36' 4.36.81  437.26;  437.72  438. 17^  438.621  439.08  439.53 
440.891 441.351 44 1.8O1  442.25  442.71,  443.161  443.61  444.07 
445.43  445.88  446.3.3  446.79  447.24  447.70;  448.15!  448.60 
449.96;  45O.42I  450.87!  451.32'  451. 78|  452.231  452.691  453.14 
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CARNEGIE    STEEL    COMPANY 


PROPERTIES  OF  THE  CIRCLE 

Circumference  of  Circle  of  Dia.  i  =  7r  =  3.14159265 

Circumference  of  Circle  =  2  tt  r 

Dia.  of  Circle  =  Circumference  x  0.31831 

Diameter  of  Circle  of  equal  periphery  as  square  =  side  x  1.27324 

Side   of  Square  of  equal  periphery  as  circle      =  diameter  x  0.78540 

Diameter  of  Circle  circumscribed  about  square^ side  x  1.41421 

Side  of  Square  inscribed  in  Circle  =  diameter  x  0.70711 


Arc,  a 
Angle,  A 
Radius,  r 
Chord,  c 
Rise,  b 
Rise,      b 


TrrA^ 


ISO 

180°  a 


0.017453  r  A' 


4b2  +  c2 


8b 


.„     a 


Diameter,  d^ 


4b2  +  c2 
4b 


2v'  2  b  r— b2  =  2  r  sin 


=  r-YiST^] 


C  .  A°  „  .        r, 

-^  tan  — ;—  =  2  r  sm^ 

2  4 


180' 
180 


r+y-Vr2  — x2.     y:==b-r+Vr2— x2  x=Vr2-(r+y-b)2 

3.14159265,  log  =  0.4971499 
0.3183099,  log  =  1.5028501 
9.8696044,  log  =  0.9942997 
0.1013212,  log  =  1.0057003 
■  1.7724539,  log  =  0.2485749 
0.5641896,     log  =  1.7514251 

:    0.0174533,     log  ^2.2418774 
■■  57.2957795,    log  =  1.7581226 
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MENSURATION    TABLES 


Triangle : 


AREA  OF  PLANE  FIGURES 
Base  s  ]/2  perpendicular  height. 


l/  6(s — a)   (s — b)    (s — c), 

s=j2    sum    of    the  three  sides  a,  b  and  c. 
Trapezium:  Sum  of  area  of  the  two  triangles. 

Trapezoid :  }^  sum  of  parallel  sides  x  perpendicular  height. 

Parallelogram:  Base  x  perpendicular  height. 

Reemlar  Polygon :    ]  i  sum  of  sides  x  inside  radius. 
Circle :  tt  t-       =  0.7S540  x  dia.2  =  0.07958  x  circumferfin 

=  0.0087266  r2A°  =  arc  X  J^  radius. 


Sector  of  Circle: 


360 


r2    /7rA°  .       .o\ 

Segment  of  Circle:    — -  (  Sin  A    I 

Circle  of  same  area  as  square:    diameter  =  side  x  1.12838 

Square  of  same  area  as  circle :    side  :=  diameter  x  0.88623 

Ellipse :  Long  diameter  x  short  diameter  x  0.78540 

Parabola :  Base  x  %  perpendicular  height. 

Irregular  plane  surface. 


Di\-ide  any  plane  surface  A,  B,  C,  D,  along  a  line  a-b  into  an  even 
number,  n,  of  parallel  and  sufficiently  small  strips,  d,  whose  ordinatea 

are  hi,  ho,  hs,  h4,  hs hn— i,  hn,  hn+i,  and   considering   contours 

between  three  ordinates  as  parabolic  curves,  then  for  section  ABCD, 

Area— |[hi+hn-i+4(h2+h4+h6.  .  .+hn)+2  (hg+hs+hr. .  .+hn.i)] 

or,  approximately,  Area  =  Sum  of  ordinates  x  width,  d. 
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CARNEGIE    STEEL    COMPANY 


TRIGONOMETRIC  FORMULAS 


ff cotan  A 


Radius,  1  =  sin'  A  +  cos'  A 

=:  sin  A  cosec  A = cos  A  sec  A^  tan  A  cot  A 

Sine 


cos  A 


cot  A      cosec  A 


■^cosA  tanA^-vf  ^       '^^    ^ 


Cosine 


C     Tangent        A=-;:;;;;-j-=- 
Cotangent    A  =■ 
Secant         A=- 


A  =T 7-^ ; — ^sin  A  cot  A^\/  ^       - 

tan  A        sec  A  ' 

sin  A 


•<- radius 


..--/ 


COS  A        cot  A 

cos  A 1 

sin  A  ^    tan  A 

tan  A  _        1 
sin  A         cos  A 


-=siQ  A  sec  A 
-=cosA  cosec  A 


Cosecant      A  ■• 


cot  A  1 

'  cos  A         sin  A 


'sin  (A  +  B)  =  sin  A  cos  B  +  cos  A  sin  B 
COB  (A  +  B)  =r  COS  A  COS  B  +  sin  A  sip  B 
sin  A  +  sin  B  =  2  sin  H  (A  +  B)  cos  3^  (A— B) 
ein  A  —  sinB  =  2  cos  »^  (A  +  B)  sin  H  (A— B) 
COS  A  +  cos  B  =  2  cos  H  (A  +  B)  cos  >^  (A— B) 
cos  B  —  cos  A  =  2  sin  H  (A  +  B)  sin  H  (A— B) 
ein  2  A  =2  sin  A  cos  A 

cos  2  A  =  cos'  A  —  sin-  A 


H  A=v-^^j2^  cos  ?^A=v'^r^ 

1 —  cos  2  A  ,  ,  1  +  cos  2  A 


sin'  A        =  ■ 


sin'  A  —  sin'  B  =  sin  (A  +  B)  sin  (A  —  B) 
sin  A  +  sin  B 


cos  A  +  cos  B 


=  tan  H  (A  ±  B) 


/ .  _L  T.\  tan  A  +  tan  B 

tan  (A  +  B)       =    ,  --  . t— ^ 

1  +  tan  A  tan  B 

.,,,_,  cot  A  cot  B  +  1 

cot  (A  +  B)       = .  „   I — 7^'t — 

^    —  cot  B  +  cot  A 


»       »_L.       c  sin  (A  +  B) 

tan  A  +  tan  B  =  'r g- 

cos  A  cos  B 


taa  A  —  tan  B  = 


sin  (A— B) 
cos  A  cos  B 


...       .   „            sin  (B  +  A) 
cot  A  +  cot  B  ^ : — ■      ._^  p 


cot  A  —  cot  B 
tan2  A 
cot  2  A 

tan  K  A  = 
tan'  A     = 


B 

■  (B-A) 


sin  A  sin  B 

2  tan  A 
1 — tan^  A 

cot'  A  —  1 


1  +  cos  A 


1 — cos  2  A 

H-C0S2A 


cot'  A 


l  +  cos2  A 
1— cos  2  A 


cos'  A  —  sin'  B  =  cos  (A  +  B)  cos  (A  —  B) 

sin  A  +  sin  B  ^  w  /  a  —  «\ 

5^ 7-=  cot  'A  (A  +  B) 

ci^  B  —  cos  A 


QuadrMit 

I 

II 

III 

IV 

Angle 

Angles 

C»  to  90° 

9001O180O 

180»to270° 

270»to360» 

30«     1      45°     1     60° 

Funclions 

Values  vary  from 

Equivalent  values 

sin 

■fO  to  +1 

+1  to  +0 

-Oto-1 

-1  to-0 

M 

HVJ 

'Ayli 

cos 

+  1  to  +0 

-0  to  — 1 

-1  to-0 

+0  to  +1 

HylJ 

MV2 

H 

tan 

+0to+oo 

-coto-O 

+  0tO+CD 

-ooto— 0 

H\f3 

1 

V3 

cot 

fCDto+O 

-Oto— 05 

■1-00  to+0 

-Oto— 00 

V3 

1 

H>f3 

Angle  a  <  9fl»                           1 

Angle 

.in 

coa 

tan 

cot 

*• 

*" 

*° 

*• 

*' 

Ota 

+sin  a 

+co3a 

+tan  a 

+cota 

90°±a 

+  cosa 

+sin  a 

+cota 

+tana 

180°+a 

+sin  a 

— cos  a 

+tana 

+cota 

270°±a 

— CDs  a 

+sin8 

+cota 

+tanB 
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MENSURATION  TABLES 


TRIGONOMETRIC  SOLUTION  OF  TRIANGLES 


S=- 


i+b+c 


Given 


Formulae 


Right-Angled  Triangles 


A.  B.  b 

sin  A  -  g  . 

COS 

B=f. 

a,  c 

b  =  -j/  c-  -  a-' 

Area 

Area  =  ^  ^  <='-^' 

A.  B.  c 

tan  A  =  -g-, 

tan  B  =  ^. 

a.b 

c  =  ■^,/  a-'  +  b^ 

Area 

ab 
Area  —     g 

A,  a 

B.b,  c 

B  =  90°-A, 

b  =  a  cot  A, 

a 

^       sin  A 

Area 

a2  cot  A 
Area  -         ^ 

A.b 

B,  a,  c 

B  =  90°-A, 

a  =:  b  tan  A, 

b 

*'  ~  cos  A 

Area 

b2  tan  A 
Area  = ^ 

A.c 

B.  a.b 

B  =  90°— A, 

a=  csin  A, 

b  =  c  cos  A 

Area 

C2  sin  A 

COS 

A    •       c-  sin  2  A 
or          4 

Oblique-Angled   Triangles 


a 

b 

c 

A 

einJA->Ji!=b)i2^ 

cos  U -  V '  t^^  ,  tan  i  A-   \j.'^^>  ^^l 
^     b  c                           ^8  (s-a) 

B 

X       ac 

X    a  c                           \    8  (8-b) 

C 

siniC-  ^^«-=>)^s-b) 

\     a  b                          >     8  (s-c) 

Area 

Area  =  -j/  s  (s-a)  (s 

-b)  (s-c) 

a. 

A. 

B 

b,  c 

.             a  sin  B 

sin  A 

_  a  sin  C   a  sin  (A  +  E) 

sin  A                  sin  A 

Area 

Area  =  }  a  b  sin  C 

a2  sin  B  sin  C 
"          2  sin  A 

a. 

b. 

A 

B 

.    „         b  sin  A 
smB  -         ^ 

c 

a  sin  C 

b  siu  C         .  /  T)    .   KM  o  „v,  „„"  n 

^     ~     sin  A    ~ 

Area 

Area  =  J  a  b  sin  C 

a. 

b. 

C 

A 

a  sin  C 
tan  A  _  t,_^  ^^^  c  . 

tan  J  (A-B;  =  "f+'F  ^o*  i  *^ 

c 

c      =  i/  a2  +  b2- 

2-— c  =^WX^ 

Area 

Area  ^  j  ab  sin  C 

a2  =  b2  +  c2— 2bc  cos  A,  b2=a2  +  c2— 2  a  c  cos  B  c2  =  a2  +  b2— 2  ab  cosO 
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AREA  OF  CIRCULAR  SECTIONS 


Circular  Sector,  m  o  n  p 


n     Area=3^  (length  of  arc,  mpn  x  radius,  r) 
arc  m  p  n,  in  degrees 
360 
=0.0087266  X  square  of  radius,  r^.x  angle  of  arc,  mpn,  in  degrei 


=area  of  circle  x 


Circular  Segment,  mpn,  less  than  half  circle. 

Area=area  of  sector,  m  o  n  p — area  of  triangle,  m  o  n 

=(length  of  arc,  m  p  n,  x  radius,  r)  —  (radius,  r,  —  rise,  b;  x  chord,  c 
2 

Circular  Segment,  m  q  n,  greater  than  half  circle. 

Area=area  of  circle  — area  of  segment,  mnp 

Circular  Segment,  from  Table  I,  page  369. 

Given:  rise,  b,  and  chord,  c. 
Area=product  of  rise  and  chord,  b  x  c,  multiplied  by  the 

coefiBcient  given    opposite    the  quotient  of  -^: 
Intermediate  coefficients  for  values  of  ■—-  not  given 

in  tables  are  obtained  by  interpolation. 
Example  — Given:  rise=1.49  and  cliord =3.52, 

^  =  44i-  =  0.4233.     Coefficient  =  0.7542. 
C  3.52 

Area=b  x  c  x  coefif.=1.49  x  3.52  x  0.7542=3.9556. 
Circular  Segment,  from  Table  II,  pages  370  and  371. 


Given:  rise,  b,  and  diameter,  d  =  2r. 
Area=square    of     diameter,    d^,     multiplied     by 

coefficient  given  opposite  the  quotient  of  —r 


the 


Intermediate  coefficients  for  values  of  — p  not  given 


in  tables  are  obtained  by  interpolation. 
Example -Given:  rise  =  2"/iG  and  diameter  =  5832. 
_b_ 
d 

Coefficient  by  interpolation  =0.371233. 
Area=d2xcoefl.  =  25.94629x0.371233=9.6321. 


=  2-.itf  ^  5%2 


=  0.478528. 


Circular  Zone,  tuwv 

P         Ar ea=«rea  of  circle  —  (area  of  segment,  t  p  u  +  area  of  segment,  v  q  w) . 


Circular  Lune,  m  p  n  s 

Area=segment,  m  p  n  —segment,  m  s  n. 


MENSURATION  TABLES 


AREAS  OF  CIRCULAR  SEGMENTS 

Table  1- 

-For  Ratios  of  Rise 

AND  Chord 

.a 

c 

^- 

ivc  Chord,  C — -y^---* 

-Jt 

r 

Area=<C  x  b  x  coefficient 

A" 

Coeffi- 
cient 

b 
c 

A" 

Coeffi- 
cient 

b   1 
C 

A° 

Coeffi- 
cient 

b 
C 

A° 

Coeffi- 
cient 

b 
C 

1 

.6667 

.0022 

46 

.6722 

.1017 

91 

.6895 

.2097 

136 

.7239 

.3373 

2 

.6667 

.0044 

47 

.6724 

.1040 

92 

.0901 

.2122 

137 

.7249 

.3404 

3 

.6667 

.0066 

48 

.6727 

.1063 

93 

.6906 

.2148 

138 

.7260 

.3436 

4 

.6667 

.0087 

49 

.6729 

.1086 

94 

.6912 

.2174 

139 

.7270 

.3469 

5 

.6667 

.0109 

50 

.6732 

.1109 

95 

.6918 

.2200 

140 

.7281 

.3501 

6 

.6667 

.0131 

51 

.6734 

.1131 

96 

.6924 

.2226 

141 

.7292 

.3534 

7 

.6668 

.0153   52 

.6737 

.1154 

97 

.6930 

.2252 

142 

.7303 

.3567 

8 

.6668 

.0175 

53 

.6740 

.1177 

98 

.6936 

.2279 

143 

.7314 

.3600 

9 

.6009 

.0197 

54 

.6743 

.1200 

99 

.6942 

.2305 

144 

.7325 

.3033 

10 

.0670 

.0218 

55 

.6746 

.1224 

100 

.6948 

.2332 

145 

.7336 

.3666 

11 

.6670 

.0240 

56 

.6749 

.1247 

101 

.6954 

.2358 

146 

.7348 

.3700 

12 

.6071 

.0262 

57 

.6752 

.1270 

102 

.6901 

.2385 

147 

.7360 

.3734 

13 

.6072 

.0284 

58 

.6755 

.1293 

103 

.6967 

.2412 

148 

.7372 

.3768 

14 

.6672 

.0306 

59 

.6758 

.1316 

104 

.6974 

.2439 

149 

.7384 

.3802 

15 

.6673 

.0328 

60 

.6761 

.1340 

105 

.6980 

.2466 

150 

.7396 

.3837 

16 

.6674 

.0350 

61 

.6764 

.1363 

100 

.6987 

.2493 

151 

.7408 

.3871 

17 

.6674 

.0372 

62 

.6768 

.1387 

107 

.6994 

.2520 

152 

.7421 

.3906 

18 

.6675 

.0394 

63 

.6771 

.1410 

108 

.7001 

.2548 

153 

.7434 

.3942 

19 

.6676 

.0416 

64 

.6775 

.1434 

109 

.7008 

.2575 

154 

.7447 

.3977 

20 

.6677 

.0437 

65 

.6779 

.1457 

110 

.7015 

.2603 

155 

.7460 

.4013 

21 

.6678 

.0459 

66 

.6782 

.1481 

111 

.7022 

.2631 

1.56 

.7473 

.4049 

22 

.6679 

.0481 

67 

.6786 

.1505 

112 

.7030 

.2659 

157 

.7486 

.4085 

23 

.6680 

.0504 

68 

.6790 

.1529 

113 

.7037 

.2687 

158 

.7500 

.4122 

24 

.6681 

.0526 

69 

.6794 

.1553 

114 

.7045 

.2715 

159 

.7514 

.4159 

25 

.6682 

.0548 

70 

.6797 

.1577 

115 

.7052 

.2743 

160 

.7528 

.4196 

26 

.6684 

.0570 

71 

.6801 

.1601 

116 

.7000 

.2772 

161 

.7542 

.4233 

27 

.6085 

.0592 

72 

.6805 

.1625 

117 

.7008 

.2800 

162 

.7557 

.4270 

28 

.6087 

.0614 

73 

.6809 

.1649 

118 

.7076 

.2829 

163 

.7571 

.4308 

29 

.OOSS 

.0636 

74 

.6814 

.1073 

119 

.7084 

.2858 

164 

.7586 

.4346 

30 

.6690 

.0658 

75 

.6818 

.1697 

120 

.7092 

.2887 

165 

.7601 

.4385 

31 

.6691 

.0681 

76 

.6822 

.1722 

121 

.7100 

.2916 

166 

.7616 

.4424 

32 

.6693 

.0703 

77 

.6826 

.1746 

122 

.7109 

.2945 

167 

.7632 

.4463 

33 

.6694 

.0725 

78 

.6831 

.1771 

123 

.7117 

.2975 

168 

.7648 

.4502 

34 

.0090 

.0747 

79 

.6835 

.1795 

124 

.7126 

.3004 

169 

.7664 

.4542 

35 

.6698 

.0770 

80 

.6840 

.1820 

125 

.7134 

.3034 

170 

.7680 

.4582 

36 

.6700 

.0792 

81 

.6844 

.1845 

126 

.7143 

.3004 

171 

.7696 

.4622 

37 

.6702 

.0814 

82 

.6849 

.1869 

127 

.7152 

.3094 

172 

.7712 

.4663 

38 

.6704 

.0837 

83 

.6854 

.1894 

128 

.7161 

.3124 

173 

.7729 

.4704 

39 

.6706 

.0859 

84 

.6859 

.1919 

129 

.7170 

.3155 

174 

.7746 

.4745 

40 

.6708 

.0882 

85 

.6864 

.1944 

130 

.7180 

.3185 

175 

.7763 

.4787 

41 

.6710 

.0904 

86 

i  .6869 

.1970 

131 

.7189 

.3216 

176 

.7781 

.4828 

42 

.6712 

.0927 

87 

.6874 

.1995 

132 

.7199 

.3247 

177 

.7799 

.4871 

43 

.6714 

.0949 

88 

.6879 

.2020 

133 

.7209 

.3278 

178 

.7817 

.4914 

44 

.0717 

.0972 

89 

.6884 

.2046 

134 

.7219 

.3309 

179 

.7835 

.4957 

45 

.6719 

.0995 

90 

.6890 

.2071 

135 

.7229 

.3341 

180 

.7854 

.5000 
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CARNEGIE    STEEL    COMPANY 


AREAS  OF 

CIRCULAR  SEGMENTS 

Table  II 

,  FOR  Ratios  of  Rise  and  Diame 
^.i..^ ,. 

TER 

/— -- 

— Diameter, d 

3' 

Area=d2  x  CoeflBcient 

b 

CoeflBcient 

b 

Coefficient 

b 
T 

Coefficient 

b 
"H" 

Coefficient 

b 

T 

Coefficient 

.001 

.000042 

.051 

.015119 

.101 

.041477 

.151 

.074590 

.201 

.112625 

.002 

.000119 

.052 

.015561 

.102 

.042081 

.152 

.075307 

.202 

.113427 

.003 

.000219 

.053 

.016008 

.103 

.042687 

.153 

.076026 

.203 

.114231 

.004 

.000337 

.054 

.016458 

.104 

.043296 

.154 

.076747 

.204 

.115036 

.005 

.000471 

.055 

.016912 

.105 

.043908 

.155 

.077470 

.205 

.115842 

.006 

.000619 

.056 

.017369 

.106 

.044523 

.156 

.078194 

.206 

.116651 

.007 

.000779 

.057 

.017831 

.107 

.045140 

.157 

.078921 

.207 

.117460 

.008 

.000952 

.058 

.018297 

.108 

.045759 

.158 

.079650 

.208 

.118271 

.009 

.001135 

.059 

.018766 

.109 

.046381 

.159 

.080380 

.209 

.119084 

.010 

.001329 

.060 

.019239 

.110 

.047006 

.160 

.081112 

.210 

.119898 

.011 

.001533 

.061 

.019716 

.111 

.047633 

.161 

.081847 

.211 

.120713 

.012 

.001746 

.062 

.020197 

.112 

.048262 

.162 

.082582 

.212 

.121530 

.013 

.001969 

.063 

.020681 

.113 

.048894 

.163 

.083320 

.213 

.122348 

.014 

.002199 

.064 

.021168 

.114 

.049529 

.164 

.084060 

.214 

.123167 

.015 

.002438 

.065 

.021660 

.115 

.050165 

.165 

.084801 

.215 

.123988 

.016 

.002685 

.066 

.022155 

.116 

.050805 

.166 

.085545 

.216 

.124811 

.017 

.002940 

.067 

.022653 

.117 

.051446 

.167 

.086290 

.217 

.125634 

.018 

.003202 

.068 

.023155 

.118 

.052090 

.168 

.087037 

.218 

.126459 

.019 

.003472 

.069 

.023660 

.119 

.052737 

.169 

.087785 

.219 

.127286 

.020 

.003749 

.070 

.024168 

.120 

.053385 

.170 

.088536 

.220 

.128114 

.021 

.004032 

.071 

.024680 

.121 

.054037 

.171 

.089288 

.221 

.128943 

.022 

.004322 

.072 

.025196 

.122 

.054690 

.172 

.090042 

.222 

.129773 

.023 

.004619 

.073 

.025714 

.123 

.055346 

.173 

.090797 

.223 

.130605 

.024 

.004922 

.074 

.026236 

.124 

.056004 

.174 

.091555 

.224 

.131438 

.025 

.005231 

.075 

.026761 

.125 

.056664 

.175 

.092314 

.225 

.132273 

.026 

.005546 

.076 

.027290 

.126 

.057327 

.176 

.093074 

.226 

.133109 

.027 

.005867 

.077 

.027821 

.127 

.057991 

.177 

.093837 

.227 

.133946 

.028 

.006194 

.078 

.028356 

.128 

.058658 

.178 

.094601 

.228 

.134784 

.029 

.006527 

.079 

.028894 

.129 

.059328 

.179 

.095367 

.229 

,135624 

.030 

.006866 

.080 

.029435 

.130 

.059999 

.180 

.096135 

.230 

.136465 

.031 

.007209 

.081 

.029979 

.131 

.060673 

.181 

.096904 

.231 

.137307 

.032 

.007559 

.082 

.030526 

.132 

.061349 

.182 

.097675 

.232 

.138151 

.033 

.007913 

.083 

.031077 

.133 

.062027 

.183 

.098447 

.233 

.138996 

.034 

.008273 

.084 

.031630 

.134 

.062707 

.184 

.099221 

.234 

.139842 

.035 

.008638 

.085 

.032186 

.135 

.063389 

.185 

.099997 

.235 

.140689 

.036 

.009008 

.086 

.032746 

.136 

.064074 

.186 

.100774 

.236 

.141538 

.037 

.009383 

.087 

.033308 

.137 

.064761 

.187 

.101553 

.237 

.142388 

.038 

.009764 

.088 

.033873 

.138 

.065449 

.188 

.1023.34 

.238 

.143239 

.039 

.010148 

.089 

.034441 

.139 

.066140 

.189 

.103116 

.239 

.144091 

.040 

.010538 

.090 

.035012 

.140 

.066833 

.190 

.103900 

.240 

.144945 

.041 

.010932 

.091 

.035586 

.141 

.067528 

.191 

.104686 

.241 

.145800 

.042 

.011331 

.092 

.036162 

.142 

.068225 

.192 

.105472 

242 

.146656 

.043 

.011734 

.093 

.036742 

.143 

.068924 

.193 

.106261 

!243 

.147513 

.044 

.012142 

.094 

.037324 

.144 

.069626 

.194 

.107051 

.244 

.148371 

.045 

.012555. 

.095 

.037909 

.145 

.070329 

.195 

.107843 

.245 

.149231 

.046 

.012971 

.096 

.038497 

.146 

.071034 

.196 

.108636 

.246 

.150091 

.047 

.013393 

.097 

.039087 

.147 

.071741 

.197 

.109431 

.247 

.150953 

.048 

.01381S 

.098 

.039681 

.148 

.072450 

.198 

.110227 

.248 

.151816 

.049 

.014248 

.099 

.040277 

.149 

.073162 

.199 

.111025 

.249 

.152681 

.050 

.014681 

.100 

.040875 

.150 

.073875 

.200 

.111824 

.250 

.153546 
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MENSURATION  TABLES 


AREAS  OF  CIRCULAR  SEGMENTS 

. 

Table  II,  For  Ratios  of  Rise  and 

Diameter — Concluded 

\ 

Si 

t_ 

— Diamc 

V- 

r 

-    \ 

Area=d2  x  coefficient 

b 
d 

Coefficient 

\-     Coefficient 

b 
d 

Coefficient 

\ 

Coefficient 

b 

d 

Coefficient 

.251 

.154413 

.301 

.199085 

.351 

.245935 

.401 

.294350 

.451 

.343778 

.252 

.155281 

.302 

.200003 

.352 

.246890 

.402 

.295330 

.452 

..344773 

.253 

.156149 

.303 

.200922  1 

.353 

.247845 

.403 

.296311 

.453 

.345768 

.254 

.157019 

.304 

.201841 

.354 

.248801 

.404 

.297292 

.464 

.346764 

.255 

.157891 

.305 

.202762 

.355 

.249758 

.405 

.298274 

.455 

.347760 

.256 

.158763 

.306 

.203683 

.356 

.250715 

.406 

.299256 

.456 

.348756 

.257 

.159636 

.307 

.204605 

.357 

.251673 

.407 

.300238 

.457 

.349752 

.258 

.160511 

.308 

.205528 

.358 

.252632 

.408 

.301221 

.4.58 

.360749 

.259 

.161386 

.309 

.206452 

.359 

.253591 

.409 

.302204 

.459 

.351745 

.260 

.162263 

.310 

.207376 

.360 

.254551 

.410 

.303187 

.460 

.352742 

.261 

.163141 

.311 

.208302 

.361 

.255511 

.411 

.304171 

.461 

.3.53739 

.262 

.164020 

.312 

.209228 

.362 

.256472 

.412 

.305156 

.462 

.354736 

.263 

.164900 

.313 

.210155 

.363 

.257433 

.413 

.306140 

.463 

.355733 

.264 

.165781 

.314 

.211083 

.364 

.258395 

.414 

.307125 

.464 

.356730 

.265 

.166663 

.315 

.212011 

.365 

.259358 

.415 

.308110 

.465 

.357728 

.266 

.167546 

.316 

.212941 

.306 

.260321 

.416 

..309096 

.466 

.358725 

.267 

.168431 

.317 

.213871 

.367 

.261285 

.417 

.310082 

.467 

.359723 

.268 

.169316 

.318 

.214802 

.368 

.262249 

.418 

.311068 

.468 

.360721 

.269 

.170202 

.319 

.215734 

.369 

.263214 

.419 

.312055 

.469 

.361719 

.270 

.171090 

.320 

.216666 

.370 

.264179 

.420 

.313042 

.470 

.362717 

.271 

.171978 

.321 

.217600 

.371 

.265145 

.421 

.314029 

.471 

.363715 

.272 

.172868 

.322 

.2185.34 

.372 

.266111 

.422 

.315017 

.472 

.364714 

.273 

.1737.58 

.323 

.219469 

.373 

.267078 

.423 

.316005 

.473 

.365712 

.274 

.1746.50 

.324 

.220404 

.374 

.208046 

.424 

.316993 

.474 

.366711 

.275 

.175542 

.325 

.221341 

.375 

.269014 

.425 

.317981 

.475 

.367710 

.276 

.176436 

.326 

.222278 

.376 

.269982 

.426 

.318970 

.476 

.368708 

.277 

.177330 

.327 

.223216 

.377 

.270951 

.427 

.319959 

.477 

.369707 

.278 

.178226 

.328 

.224154 

.378 

.271921 

.428 

.320949 

.478 

.370706 

.279 

.179122 

.329 

.225094 

.379  *  .272891 

.429 

.321938 

.479 

.371705 

.280 

.180020 

.330 

.226034 

.380 

.273861 

.430 

..322928 

.480 

.372704 

.281 

.180918 

.331 

.226974 

.381 

.274832 

.431 

.323919 

.481 

.373704 

.282 

.181818 

.332 

.227916 

.382 

.275804 

.432 

.324909 

.482 

.374703 

.283 

.182718 

.333 

.228858 

.383 

.276776 

.433 

.325900 

.483 

.375702 

.284 

.183619 

..3.34 

.229801 

.384 

.277748 

.434 

.326891 

.484 

.376702 

.285 

.184522 

.335 

.230745 

.385 

.278721 

.435 

.327883 

.485 

.377701 

.286 

.185425 

.336 

.231689 

.386 

.279695 

.436 

..328874 

.486 

.378701 

.287 

.186329 

.337 

.232634 

.387 

.280669 

.437 

.329866 

.487 

.379701 

.288 

.187235 

.338 

.233580 

.388 

.281643 

.438 

.330858 

.488 

.380700 

.289 

.188141 

.339 

.234526 

.389 

.282618 

.439 

.331851 

.489 

.381700 

.290 

.189048 

.340 

.235473 

.390 

.283593 

.440 

.332843 

.490 

.382700 

.291 

.1899.56 

.341 

.236421 

.391 

.284569 

.441 

.3.338.36 

.491 

.383700 

.292 

.190865 

.342 

.237309 

.392 

.285545 

.442 

.3.34829 

.492 

.384009 

.293 

.191774 

.343 

.238319 

.393 

.286521 

.443 

..33.5823 

.493 

.385099 

.294 

.192685 

.344 

.239208 

.394 

.287499 

.444 

.336816 

.494 

.386699 

.295 

.193597 

..345 

.240219 

.395 

.288476 

.445 

.337810 

.495 

.387699 

.296 

.194509 

.346 

.241170 

.396 

.2894.54 

.446 

.338804 

.496 

.388699 

.297 

.195423 

..347 

.242122 

.397 

,290432 

.447 

..339799 

.497 

.389699 

.298 

.196.337 

.348 

.243074 

.398 

.291411 

.448 

.340793 

.498 

.390699 

.299 

.197252 

.349 

.244027 

.399 

.292390 

.449 

.341788 

.499 

.391699 

.300 

.198168 

!  .350 

.244980 

.400 

.293370 

.450 

.342783 

.500 

.392699 
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SURFACE  AND  VOLUME  OF  SOLIDS 
S=Lateral  or  Convex  Surface.     V=Volume 


*  Parallelopiped 

S=perimeter,  P,  perp.  to  sides xlat.  length,  1:  PI* 

V=area  of  base,  B  x  perpendicular  height,  h:  Bh 

V^areaof  section,  A,  perp.  to  sides  xlat.  length,  1:  Al 

Prism,  Right  or  Oblique,  Regular  or  Irregular 

S  =perinieter,  P,  perp.  to  sides  x  lat.  length,  1:  PI 

V=area  of  base,  B  x  perpendicular  height,  h:  Bh 

V=areaof  section.  A,  perp,  to  sides  xlat.  lengtli,  1:  Al 


Cylinder,  Right  or  Oblique,  Circular  or  Elliptic,  etc. 

S  ^perimeter  of  liase,  P  x  perp.  heiglit,  h :  Ph 

S=perimeter,  P] ,  perp.  to  sides  xlat.  length,  1:  Pil 
V=area  of  base,  B  x  perpendicular  height,  h:  Bh 
V=area  of  section.  A,  perp.  to  sides  x  lat.  length,  1 :       Al 


Frustum  of  any  Prism  or  Cylinder 

X    V=area  of  base,  B  x  perp.  distance,  h,  from  base 
i  to  center  of  gravity  of  opposite  face:  Bh 

*h  For  cylinder:  H  A  (h  +  lo) 


Pyramid  or  Cone,  Right  and  Regular 

S=perimeter  of  base,  P  x  14  slant  height,  1:         Va  PI 
V=area  of  base,  B  x  1/3  perp.  height,  h:  %  Bh 

Pyramid  or  Cone,  Right  or  Oblique,  Regular  or  Irregular 

V=area  of  base,  B  x  V:i  perp.  height,  h:  Va  Bh 

V^Vs  volume  of  prism  or  cylindf'r  of  same  base 

and  perpendicular  height 
V^'2  volume  of  hemisphere   of  same   base  and 

perpendicular  height 

Frustum  of  Pyramid  or  Cone,  Right  and  Regular, 
Parallel  Ends 

S=(sum  of  perimeter  of  base.  P,  and  top,  p)  xVa  slant 
^  height,  1:  J^l  (P  +  p) 

Vi  /  \'f      V^(sum  of  areas  of  base,  B,  and  top,  b   +   square 

'-'""~~i  A  root  of  their  products)  xVa  perp.  height,  h: 

Vs  h    (B  +  b  +  y  B  b  ) 

Frustum  of  any  Pyramid  or  Cone,  Parallel  Ends 

j^    /  (      V=(sum  of  areas  of  base,  B,  and  top,  b   +   square 

root  of  their  products)  xVs  perp.  height,  h: 

Vs  h  (B  +  b  +  i/'Bir) 

Wedge,  Parallelogram  Face 

"V=V(i  (sum  of  three  edges,  aba  x  perpendicular 
height,  h  x  perpendicular  width,  d) : 

%  d  li  (2a  +  b) 

Prismatoid 

V=V«  perp.  height,  h  (sum  of  areas  of  base,  B,  and  top 
b,  +  4  X  area  of  section,  M,  parallel  to  bases 
and  midway  between  them; : 

Ml  h  (B  +  b  +  4  M) 

The  Prismatoid  formula    applies   also  to   any  of 

the  foregoing  solids  with  parallel  bases,  to  pjTamids, 

cones,    spherical  sections,  and  to  many    solids  with 

irregular  surfaces. 
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MENSURATION  TABLES 


SURFACE  AND  VOLUME  OF  SOLIDS— Concluded 
S=Lateral  or  Convex  Surface.     V=Volume 


C3:} 


(HIE) 


U h- — ti 


Sphere 

5  =  4  TT  r2  =      IT  d-  = 

=  3.14159265  d2 

\,'=*<i  TT  rs  =  1.&  TT  ds  = 

=  0.52359878  ds 

Spherical  Sector 

S=i/2  7rr  (4  b  +  c) 
V^'s  TT  r2  b 

Spherical  Segment 

S  =2  TT  r  b  =  U  TT  (4  b2  +  C2) 

V=ii  TT  b-'  (3  r-b;  =  V^i  tt  b  (3  c^  +  4  bz) 


S  =2  TT  r  b 
V=ij4  TT  b  (3  a2 


S=4  Tr2  Rr 
V=2  :r2  R  r-' 


Spherical  Zone 
3  c2  +  4  b-) 
Circular  Ring 


Ungula  of  Right,  Regular  Cylinder 

Base^Half  Circle 
S=2rh 


Base=Segmeiit,  b  a  b 
S=(2  r  m-o  x  arc,  b  a  b)     j._q 

V=(2^  m»-o  X  area,  b  a  b)    ^.^^ 

Base=Seginent,  c  a  c 

h 

8  =(2  r  n  +  p  X  arc,  car)    ^  ^ 

p  X  area,  c  a  c)        i  _ 
Ellipsoid 

Paraboloid 


V=(2/3  n« 


V=%  r2  h 
Base=Circle 

S=r7rh 

V=y2  r2  TT  h 


V='/'.  TT  r  a  b 


V=V2  TT  r2  h 

Ratio  of  corresponding  volumes  of  a  Cone,  Parabo- 
loid, Sphere,  and  Cylinder  of  equal  height:  Va:  1/2:  ^'3:  1 

Bodies  Generated  by  Partial  or  Complete  Revolution 

1  =length  of  a  curve  )  rotating  about  an  axis  1-1 
A=area  of  a  plane      '  on  one  side  and  in  plane  of  axis 
r=distance  of  center  of  gravity  of  line  or  plane  from 

axis  1-1  and  for  any  angle  of  revolution,  a", 
2rir  a'' 


300 


-=lengthof  arc  described  by  center  of  gravity. 


S=length  of  curve  x  length  of  arc  about  axis 


=1 


2  r  Tf  a° 


For  complete  revolution  S=  2r  ttI 
V=area  of  plane  x  length  of  arc  about  axis 

—j^  ^  *"  jra°       For  complete  revolution  V=  2  r  ir  A 
360 
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Functions  op  Numbers,  1  to  49 

.. 

1000 

No.= 

Diameter 

No. 

Square 

Cube 

square 
Root 

Cubic 
Root 

Logarithm 

X 

Reciprocal 

Circum. 

Area 

1 

1 

1 

1.0000 

1.0000 

0.00000 

1000.000 

3.142 

0.7854 

2 

4 

8 

1.4142 

1.2599 

0.30103 

500.000 

6.283 

3.1416 

3 

9 

27 

1.7321 

1.4422 

0.47712 

333.333 

9.425 

7.0686 

4 

16 

64 

2.0000 

1.5874 

0.60206 

250.000 

12.566 

12.5664 

5 

25 

125 

2.2361 

1.7100 

0.69897 

200.000 

15.708 

19.6350 

6 

36 

216 

2.4495 

1.8171 

0.77815 

166.667 

18.850 

28.2743 

7 

49 

343 

2.6458 

1.9129 

0.84510 

142.857 

21.991 

38.4845 

8 

64 

512 

2.8284 

2.0000 

0.90309 

125.000 

25.133 

50.2655 

9 

81 

729 

3.0000 

2.0801 

0.95424 

111.111 

28.274 

63.6173 

10 

100 

1000 

3.1623 

2.1544 

1.00000 

100.000 

31.416 

78.5398 

11 

121 

1331 

3.3166 

2.2240 

1.04139 

90.9091 

34.558 

95.0332 

12 

144 

1728 

3.4641 

2.2S94 

1.07918 

83.3333 

37.699 

113.097 

13 

169 

2197 

3.6056 

2.3513 

1.11394 

76.9231 

40.841 

132.732 

14 

196 

2744 

3.7417 

2.4101 

1.14613 

71.4286 

43.982 

153.938 

15 

225 

3375 

3.8730 

2.4662 

1.17609 

66.6667 

47.124 

176.715 

16 

256 

4096 

4.0000 

2.5198 

1.20412 

62.5000 

50.265 

201.062 

17 

289 

4913 

4.1231 

2.5713 

1.23045 

58.8235 

53.407 

226.980 

18 

324 

5832 

4.2426 

2.6207 

1.25527 

55.5556 

56.549 

254.469 

19 

361 

6859 

4.3589 

2.6684 

1.27875 

52.6316 

59.690 

283.529 

20 

400 

8000 

4.4721 

2.7144 

1.30103 

50.0000 

62.832 

314.159 

21 

441 

9261 

4.5826 

2.7589 

1.32222 

47.6190 

65.973 

346.361 

22 

.  484 

10648 

4.6904 

2.8020 

1  34242 

45.4545 

69.115 

380.133 

23 

529 

12167 

4.7958 

2.8439 

1.36173 

43.4783 

72.257 

415.476 

24 

576 

13824 

4.8990 

2.8845 

1.38021 

41.6667 

75.398 

452.389 

25 

625 

15625 

5.0000 

2.9240 

1.39794 

40.0000 

78.540 

490.874 

26 

676 

17576 

5.0990 

2.9625 

1.41497 

38.4615 

81.681 

530.929 

27 

729 

19683 

5.1962 

3.0000 

1.43136 

37.0370 

84.823 

572.555 

28 

784 

21952 

5.2915 

3.0366 

1.44716 

35.7143 

87.965 

615.752 

29 

841 

243S9 

5.3852 

3.0723 

1.46240 

34.4828 

91.106 

660.520 

30 

900 

27000 

5.4772 

3.1072 

1.47712 

33.3333 

94.248 

706.858 

31 

961 

29791 

5.5678 

3.1414 

1.49136 

32.2581 

97.389 

754.768 

32 

1024 

32768 

5.6569 

3.1748 

1.50515 

31.2500 

100.531 

804.248 

33 

1089 

35937 

5.7446 

3.2075 

1.51851 

30.3030 

103.673 

855.299 

34 

1156 

39304 

6.8310 

3.2396 

1.53148 

29.4118 

106.814 

907.920 

35 

1225 

42875 

5.9161 

3.2711 

1.54407 

28.5714 

109.956 

962.113 

36 

1296 

46656 

6.0000 

3.3019 

1.55630 

27.7778 

113.097 

1017.88 

37 

1369 

50653 

6.0828 

3.3322 

1.56820 

27.0270 

116.239 

1075.21 

38 

1444 

54872 

6.1644 

3.3620 

1.57978 

26.3158 

119.381 

1134.11 

39 

1521 

59319 

6.2450 

3.3912 

1.59106 

25.6410 

122.522 

1194.59 

40 

1600 

64000 

6.3246 

3.4200 

1.60206 

25.0000 

125.66 

1256.64 

41 

1681 

68921 

6.4031 

3.4482 

1.61278 

24.3902 

128.81 

1320.25 

42 

1764 

74088 

6.4807 

3.4760 

1.62325 

23.8095 

131.95 

1385.44 

43 

1849 

79507 

6.5574 

3.5034 

1.63347 

23.2558 

135.09 

1452.20 

44 

1936 

85184 

6.6332 

3.5303 

1.64345 

22.7273 

138.23 

1520.53 

45 

2025 

91125 

6.7082 

3.5569 

1.65321 

22.2222 

141.37 

1590.43 

46 

2116 

97336 

6.7823 

3.5830 

1.66276 

21.7391 

144.51 

1661.90 

47 

2209 

103823 

6.8557 

3.6088 

1.67210 

21.2766 

147.65 

1734.94 

48 

2304 

110592 

6.9282 

3.6342 

1.68124 

20.8333 

150.80 

1809.56  ; 

49 

2401 

117649 

7.0000  3.6593 

1.69020 

20.4082 

153.94 

1885.74 

374 


MATHEMATICAL  TABLES 


Functions  op  Numbers  50  to  99 

■ 

1 

1 

1000 

No.= 

Diameter 

No. 

Square 

Cube    Ti^t 

i 

Cubic  1 ,   .,, 
Root  ^Loganthm 

Reciprocal 

Circum. 

Area 

50 

2500 

125000 

7.0711 

3.6840 

1.69897 

20.0000 

157.08 

1963.50 

51 

2601 

132651 

7.1414 

3.7084 

1.70757 

19.6078 

160.22 

2042.82 

52 

2704 

14060S 

7.2111 

3.7325 

1.71600 

19.2308 

163.36 

2123.72 

53 

2809 

148877 

7.2801 

3.7563 

1.72428 

18.8679 

166.50 

2206.18 

54 

2916 

157464 

7.3485 

3.7798 

1.73239 

18.5185 

169.65 

2290.22 

55 

3025 

166375 

7.4162 

3.8030 

1.74036 

18.1818 

172.79 

2375.83 

56 

3136 

175616 

7.4833 

3.8259 

1.74819 

17.8571 

175.93 

2463.01 

57 

3249 

185193 

7.5498 

3.8485 

1.75587 

17.5439 

179.07 

2551.76 

58 

3364 

195112 

7.6158 

3.8709 

1.76343 

17.2414 

182.21 

2642.08 

59 

3481 

205379 

7.6811 

3.8930 

1.77085 

16.9492 

185.35  . 

2733.97 

60 

3600 

216000 

7.7460 

3.9149 

1.77815 

16.6667 

188.50 

2827.43 

61 

3721  226981 

7.8102 

3.9365 

1.78533 

16.3934 

191.64 

2922.47 

62 

3844  i  238328 

7.8740 

3.9579 

1.79239 

16.1290 

194.78 

3019.07 

63 

3969  ;  250047 

7.9373 

3.9791 

1.79934 

15.8730 

197.92 

3117.25 

64 

4096  i  262144 

8.0000 

4.0000 

1.80618 

15.6250 

201.06 

3216.99 

65 

4225  274625 

8.0623 

4.0207 

1.81291 

15.3846 

204.20 

3318.31 

66 

4356  287496 

8.1240 

4.0412 

1.81954 

15.1515 

207.35 

3421.19 

67 

4489  : 300763 

8.1854 

4.0615 

1.82607 

14.9254 

210.49 

3525.65 

68 

4624  314432 

8.2462 

4.0817 

1.83251 

14.7059 

213.63 

3631.68 

69 

4761  ! 328509 

8.3066 

4.1016 

1.83885 

14.4928 

216.77 

3739.28 

70 

4900 

343000 

8.3666 

4.1213 

1.84510 

14.2857 

219.91 

3848.45 

71 

5041 

357911 

8.4261 

4.1408 

1.85126 

14.0845 

223.05 

3959.19 

72 

5184 

373248 

8.4853 

4.1602 

1.85733 

13.8889 

226.19 

4071.50 

73 

5329 

389017 

8.5440 

4.1793 

1.86332 

13.6986 

229.34 

4185.39 

74 

5476 

405224 

8.6023 

4.1983 

1.86923 

13.5135 

232.48 

4300.84 

75 

5625 

421875 

8.6603 

4.2172 

1.87506 

13.3333 

235.62 

4417.86 

76 

5776 

438976 

8.7178 

4.2358 

1.88081 

13.1579 

238.76 

4536.46 

77 

5929 

456533 

8.7750 

4.2543 

1.88649 

12.9870 

241.90 

4656.63 

78 

6084 

474552 

8.8318 

4.2727 

1.89209 

12.8205 

245.04 

4778.36 

79 

6241 

493039 

8.8882 

4.2908 

1.89763 

12.6582 

248.19 

4901.67 

80 

6400 

512000 

8.9443 

4.3089 

1.90309 

12.5000 

251.33 

5026.55 

81 

6561 

531441 

9.0000 

4.3267 

1.90849 

12.3457 

254.47 

5153.00 

82 

6724 

551368 

9.0554 

4.3445 

1.91381 

12.1951 

2.57.01 

5281.02 

83 

6889 

571787 

9.1104 

4.3621 

1.91908 

12.0482 

260.75 

5410.61 

84 

7056 

592704 

9.1652 

4.3795 

1.92428 

11.9048 

263.89 

5541.77 

85 

7225 

614125 

9.2195 

4.3968 

1.92942 

11.7647 

267.04 

5674.50 

86 

7396 

636056 

9.2736 

4.4140 

1.93450 

11.6279 

270.18 

5808.80 

87 

7569 

658503 

9.3274 

4.4310 

1.93952 

11.4943 

273.32 

5944.68 

88 

7744 

681472 

9.3808 

4.4480 

1.94448 

11.3636 

276.46 

6082.12 

89 

7921 

704969 

9.4340 

4.4647 

1.94939 

11.2360 

279.60 

6221.14 

90 

8100 

729000 

9.4868 

4.4814 

1.95424 

11.1111 

282.74 

6361.73 

91 

8281 

753571 

9.5394 

4.4979 

1.95904 

10.9890 

285.88 

6503.88 

92 

8464 

778688 

9.5917 

4.5144 

1.96379 

10.8696 

289.03 

6647.61 

93 

8649 

804357 

9.6437 

4.5307 

1.96848 

10.7527 

292.17 

6792.91 

94 

8836 

830584 

9.6954 

4.5468 

1.97313 

10.6383 

295.31 

6939.78 

95 

9025 

857375 

9.7468 

4.5629 

1.97772 

10.5263 

298.45 

7088.22 

96 

9216 

884736 

9.7980 

4.5789 

1.98227 

10.4167 

301.59 

7238.23 

97 

9409 

912673 

9.8489 

4.5947 

1.98677 

10.3093 

304.73 

7389.81 

98 

9G04 

941192 

9.8995 

4.6104 

1.99123 

10.2041 

307.88 

7542.96 

99 

9801 

970299 

9.9499 

4.6261 

1.99564 

10.1010 

311.02 

7697.69 

375 


CARNEGIE    STEEL    COMPANY 


Functions  of  Numbers,  100  to  149 

No. 

Square 

Cube 

Square 
Root 

Cubic  - 

1000 

No.= 

Diameter 

Root 

Logarithm 

X 

Reciprocal 

Circum. 

Area 

100 

10000 

1000000 

10.0000 

4.6416 

2.00000 

10.0000 

314.16 

7853.98 

101 

10201 

1030301 

10.0499 

4.6570 

2.00432 

9.90099 

317.30 

8011.85 

102 

10404 

1061208 

10.0995 

4.6723 

2.00860 

9.80392 

320.44 

8171.28 

103 

10609 

1092727 

10.1489 

4.6875 

2.01284 

9.70874 

323.58 

8332.29 

104 

10816 

1124864 

10.1980 

4.7027 

2.01703 

9.61538 

326.73 

8494.87 

105 

11025 

1157625 

10.2470 

4.7177 

2.02119 

9.52381 

329.87 

8659.01 

106 

11236 

1191016 

10.2956 

4.7326 

2.02531 

9.43396 

333.01 

8824.73 

107 

11449 

1225043 

10.3441 

4.7475 

2.02938 

9.34579 

336.15 

8992.02 

108 

11664 

1259712 

10.3923 

4.7622 

2.03342 

9.25926 

339.29 

9160.88 

109 

11881 

1295029 

10.4403 

4.7769 

2.03743 

9.17431 

342.43 

9331.32 

110 

12100 

1331000 

10.4881 

4.7914 

2.04139 

9.09091 

345.58 

9503.32 

111 

12321 

1367631 

10.5357 

4.8059 

2.04532 

9.00901 

348.72 

9676.89 

112 

12544 

1404928 

10.5830 

4.8203 

2.04922 

8.92857 

351.86 

9852.03 

113 

12769 

1442897 

10.6301 

4.8346 

2.05308 

8.84956 

355.00 

10028.7 

114 

12996 

1481544 

10.6771 

4.8488 

2.05690 

8.77193 

358.14 

10207.0 

115 

13225 

1520875 

10.7238 

4.8629 

2.06070 

8.69565 

361.28 

103S6.9 

116 

13456 

1560S96 

10.7703 

4.8770 

2.06446 

8.62069 

364.42 

10568.3 

117 

13689 

1601613 

10.8167 

4.8910 

2.06819 

8.54701 

367.57 

10751.3 

lis 

13924 

1643032 

10.8628 

4.9049 

2.07188 

8.47458 

370.71 

10935.9 

119 

14161 

1685159 

10.9087 

4.9187 

2.07555 

8.40336 

373.85 

11122.0 

120 

14400 

1728000 

10.9545 

4.9324 

2.079J8 

8.83333 

376.99 

11309.7 

121 

14641 

1771561 

"11.0000 

4.9461 

2.08279 

8.26446 

380.13 

11499.0 

122 

14884 

1815848 

11.0454 

4.9597  2.08636 

8.19672 

383.27 

11689.9 

123 

15129 

1860867 

11.0905 

4.9732  2.08991 

8.13008 

386.42 

11882.3 

124 

15376 

1906624 

11.1355 

4.9866  2.09342 

8.06452 

389.56 

12076.3 

125 

15625 

1953125 

11.1803 

5.0000  2.09691 

8.00000 

392.70 

12271.8 

126 

15876 

2000376 

11.2250 

5.0133 

2.10037 

7.93651 

395.84 

12469.0 

127 

16129 

2048383 

11.2694 

5.0265 

2.10380 

7.87402 

398.98 

12667.7 

128 

16384 

2097152 

11.3137 

5.0397 

2.10721 

7.81250 

402.12 

12868.0 

129 

16641 

2146689 

11.3578 

5.0528 

2.11059 

7.75194 

405.27 

13069.8 

130 

16900 

2197000 

11.4018 

5.0658 

2.11394 

7.69231 

408.41 

13273.2 

131 

17161 

2248091 

11.4455 

5.0788 

2.11727 

7.63359  !  411.55 

13478.2 

132 

17424 

2299968 

11.4891 

5.0916  2.12057 

7.57576 

414.69 

13684.8 

133 

17689 

2352637 

11.5326 

5.1045  1  2.12385 

7.51S80 

417.83 

13892.9 

134 

17956 

2406104 

11.5758 

5.1172 

2.12710 

7.46269 

420.97 

14102.6 

135 

18225 

2460375 

11.6190 

5.1299 

2.13033 

7.40741 

424.12 

14313.9 

136 

18496 

2515456 

11.6619 

5.1426 

2.13354 

7.35294 

427.26 

14526.7 

137 

18769 

2571353 

11.7047 

5.1551 

2.13672 

7.29927 

430.40 

14741.1 

138 

19044 

2628072 

11.7473  1  5.1676 

2.13988 

7.24638 

433.54 

14957.1 

139 

19321 

2685619 

11.7898 

5.1801 

2.14301 

7.19424 

436.68 

15174.7 

140 

19600 

2744000 

11.8322 

5.1925 

2.14613 

7.14286 

439.82 

15393.8 

141 

19881 

2803221 

11.8743  5.2048 

2.14922 

7.09220 

442.96 

15614.5 

142 

20164 

2863288 

11.9164  5.2171 

2.15229 

7.04225 

446.11 

15836.8 

143 

20449 

2924207 

11.9583 

5.2293 

2.15534 

6.99301 

449.25 

16060.6 

144 

20736 

29859S4 

12.0000 

5.2415 

2.15836 

6.94444 

452.39 

16286.0 

145 

21025 

3048625 

12.0416 

5.2536 

2.16137 

6.89655 

455.53 

16513.0 

146 

21316 

3112136 

12.0830 

5.2656 

2.16435 

6.84932 

458.67 

16741.5 

147 

21609 

3176523 

12.1244 

5.2776 

2.16732 

6.80272 

461.81 

16971.7 

148 

21904 

3241792 

12.1655 

5.2896 

2.17026 

6.75676 

464.96 

17203.4 

149 

22201 

3307949 

12.2066 

5.3015 

2.17319 

6.71141  468.10 

17436.6 

376 


MATHEMATICAL  TABLES 


Functions  of  Numbers,  150  to  199 

No. 

Square 

Cube  ■ 

Square 
Root 

Cubic 
Root 

Logarithm 

1000 

s 

Reciprocal 

No.  ^  Diameter 

Circum.   Area 

150 

22500 

3375000 

12.2474 

5.3133 

2.17609 

6.66667 

471.24 

17671.5 

151 

2280 1 

3442951 

12.2882 

5.3251 

2.17898 

6.62252 

474.38 

17907.9 

152 

23104 

3511808 

12.3288 

5.3368 

2.18184 

6.57895 

477.52 

18145.8 

153 

23409 

3581577 

12.3693 

5.3485 

2.18469 

6.53595 

480.66 

18385.4 

154  1  23716 

3652264 

12.4097 

5.3601 

2.18752 

6.49351 

483.81 

18626.5 

155  ,  24025 

3723875 

12.4499 

5.3717 

2.19033 

6.45161 

486.95 

18869.2 

156  24336 

3796416 

12.4900 

5..3832 

2.19312 

6.41026 

490.09 

19113  4 

157  1  24649 

3869893 

12.5300  5.3947 

2.19590 

6.36943 

493.23 

19359.3 

158  >  24964 

3944312 

12.5698  5.4061 

2.19866 

6.32911 

496.37 

19606.7 

159  25281 

4019679 

12.6095  5.4175 

2.20140 

6.28931 

499.51 

19855.7 

160 

25600 

4096000 

12.6491  5.4288 

2.20412 

6.25000 

502.65 

20106.2 

161  25921 

4173281 

12.6886  5.4401 

2.20683 

6.21118 

505.80 

20358.3 

162  '  26244 

4251528 

12.7279 

5.4514 

2.20952 

6.17284 

508.94 

20612.0 

163  26569 

4330747 

12.7671 

6.4626 

2.21219 

6.13497 

512.08 

20867.2 

164 

26896 

4410944 

12.8062 

5.4737 

2.21484 

6.09756 

515.22 

21124.1 

165 

27225 

4492125 

12.8452 

5.4848 

2.21748 

6.06061 

518.36 

21382.5 

166 

27556 

4574296 

12.8841  1  5.4959 

2.22011 

6.02410 

521.50 

21642.4 

167 

27889 

4657463 

12.9228  5.5069 

2.22272 

5.98802 

524.65 

21904.0 

168 

28224 

4741632 

12.9615 

5.5178 

2.22531 

5.95238 

527.79 

22167.1 

169 

28561 

4826809 

13.0000 

5.5288 

2.22789 

5.91716 

530.93  22431.8 

170 

28900 

4913000 

13.0384 

5.5397 

2.23045 

5.88235 

534.07  22698.0 

171 

29241 

5000211 

13.0767 

5.5505 

2.23300 

5.84795 

5.37.21  22965.8 

172 

29584 

5088448 

13.1149  5.5613 

2.23553 

5.81395 

540.35  23235.2 

173 

29929 

5177717 

13.1529  5.5721 

2.23805 

5.78035 

543.50  23506.2 

174 

30276 

5268024 

13.1909  5.5828 

2.24055 

5.74713 

546.64 

23778.7 

175 

30625 

5359375 

13.2288  5.5934 

2.24304 

5.71429 

549.78 

24052.8 

176 

30976 

5451776 

13.2665  5.6041 

2.24551 

5.68182 

552.92 

24328.5 

177 

31329 

5545233 

13.3041  5.6147  2.24797 

5.64972 

556.06  1  24605.7 

178 

31684 

5639752 

13.3417  5.6252  2.25042 

5.61798 

559.20  ■  24884.6 

IV  9 

32041 

5735339 

13.3791  5.6357  ;  2.25285 

5.58659 

562.35  25164.9 

180 

32400 

5832000 

1 

13.4164  5.6462  ''   2.25527 

5.55556 

565.49  !  25446.9 

181 

32761 

5929741 

13.4536  !  5.6567  2.25768 

5.52486 

568.63 

25730.4 

182 

33124 

6028568 

13.4907 

5.6671  2.26007 

5.49451 

571.77 

26015.5 

183 

33489 

6128487 

13.5277 

5.6774  2.26245 

5.40448 

574.91 

26302.2 

184 

33856 

6229504 

13.5647 

5.6877  2.26482 

5.43478 

578.05 

26590.4 

185 

34225 

6331625 

13.6015  i  5.6980  2.26717 

5.40.541 

581.19 

26880.3 

186 

34596 

6434856 

13.G.382  5.7083  2.26951 

5.37634 

584.34 

27171.6 

187 

34969 

6539203 

13.0748  5.7185  2.27184 

5.34759 

587.48 

27464.6 

188 

35344 

6644672 

13.7113  5.7287  2.27416 

5.31915 

590.62 

27759.1 

189 

35721 

6751269 

13.7477  5.7388  2.27646 

5.29101 

593.76 

28055.2 

190 

36100 

6859000 

13.7840 

5.7489  '  2.27875 

5.26316 

596.90 

28352.9 

191  36481 

6967871 

13.8203 

5.7590  2.28103  5.23.560 

600.04  28G52.1 

192  36864 

7077888 

13.8564  1  5.7690  |  2.28330  5.20833 

603.19  289.52.9 

193  37249 

7189057 

13.8924 

5.7790  2.28556  1  5.18135 

606.33 

29255.3 

194  37636 

7301384 

13.9284 

5.7890  :  2.28780  '  5.15464 

609.47 

29559.2 

195  38025 

7414875 

13.9642 

5.7989  '   2.29003  !  5.12821 

612.61 

29864.8 

196  38416 

7529536 

14.0000 

5.8088  '   2.29226  5.10204  615.75 

30171.9 

197  38809 

7645373 

14.0357 

5.8186  2.29447  5.07614  |  618.89 

30480.5 

198  39204 

7762392 

14.0712 

5.8285  1  2.29667  5.05051  622.04 

30790.7 

199  39601 

7880599 

14.1067 

5.8383  1  2.29885  5.02513  1  625.18  1  31102.6  1 
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Functions  op  Numbers,  200  to  249 

1000 

No.  =  Diameter 

No.   Square 

1 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

X  • 

Reciprocal 

Circum. 

Area 

200 

40000 

8000000 

14-.  1421 

6.8480 

2.30103 

5.00000 

628.32 

31415.9 

201 

40401 

8120601 

14.1774 

5.8578 

2.30320 

4.97512 

631.46 

31730.9 

202 

40804 

8242408 

14.2127 

5.8675 

2.30535 

4.95050 

634.60 

32047.4 

203 

41209 

8365427 

14.2478 

5.8771 

2.30750 

4.92611 

637.74 

32365.5 

204 

41616 

8489664 

14.2829 

S.8S68 

2.30963 

4.90196 

640.88 

32685.1 

205 

42025 

8615125 

14.3178 

5.8964 

2.31175 

4.87805 

644.03 

33006.4 

206 

42436 

8741816 

14.3527 

5.9059 

2.31387 

4.85437 

647.17 

33329.2 

207 

42849 

8869743 

14.3875 

5.9155 

2.31597 

4.83092 

650.31 

33653.5 

20S 

43264 

8998912 

14.4222 

5.9250 

2.31806 

4.80769 

653.45 

33979.5 

209 

43681 

9129329 

14.4568 

5.9345 

2.32015 

4.78469 

656.59 

34307.0 

210 

44100 

9261000 

14.4914 

5.9439 

2.32222 

4.76190 

659.73 

34636.1 

211 

44521 

9393931 

14.5258 

5.9533 

2.32428 

4.73934 

662.88 

34966.7 

212 

44944 

9528128 

14.5602 

5.9627 

2.32634 

4.71698 

666.02 

35298.9 

213 

45369 

9663597 

14.5945 

5.9721 

2.32838 

4.69484 

669.16 

35632.7 

214 

45796 

9800344 

14.0287 

5.9814 

2.33041 

4.67290 

672.30 

35968.1 

215 

46225 

9938375 

14.6629 

5.9907 

2.33244 

4.65116 

675.44 

36305.0 

216 

46656 

10077696 

14.6969 

6.0000 

2.33445 

4.62963 

678.58 

36643.5 

217 

47089 

10218313 

14.7309 

6.0092 

2.-33646 

4.60S29 

681.73 

36983.6 

218 

47524 

10360232 

14.7648 

6.0185 

2.33846 

4.58716 

684.87 

37325.3 

219 

47961 

10503459 

14.7986 

6.0277 

2.34044 

4.56621 

688.01 

37668.5 

220 

48400 

10648000 

14.8324 

6.0368 

2.34242 

4.54545 

691.15 

38013.3 

221 

48841 

10793861 

14.8661 

6.0459 

2.34439 

4.52489 

694.29 

38359.6 

222 

49284 

10941048 

14.8997 

6.0550 

2.34035 

4.50450 

697.43 

38707.6 

223 

49729 

11089567 

14.9332 

6.0641 

2.34830 

4.48430 

700.58 

39057.1 

224 

50176 

11239424 

14.9666 

6.0732 

2.35025 

4.46429 

703.72 

39408.1 

225 

50625 

11390625 

15.0000 

6.0822 

2.35218 

4.44444 

706.86 

39760.8 

226 

51076 

11543176 

15.0333 

6.0912 

2.35411 

4.42478 

710.00 

40115.0 

227 

51529 

11697083 

15.0665 

6.1002 

2.35603 

4.40529 

713.14 

40470.8 

228 

51984 

11852352 

15.0997 

6.1091 

2.35793 

4.38596 

716.28 

40828.1 

229 

52441 

120089S9 

15.1327 

6.1180 

2.35984 

4.36681 

719.42 

41187.1 

230 

52900 

12167000 

15.1658 

6.1269  2.36173 

4.34783 

722.57 

41547.6 

231 

53361 

12326391 

15.1987 

6.1358 

2.36361 

4.32900 

725.71 

41909.6 

232 

53824 

12487168 

15.2315 

6.1446 

2.36549 

4.31034 

728.85 

42273.3 

233 

54289 

12649337 

15.2643 

6.1534 

2.36736 

4.29185 

731.99 

42638.5 

234 

54756 

12812904 

15.2971 

6.1622 

2.36922 

4.27350 

735.13 

43005.3 

235 

55225 

12977875 

15.3297 

6.1710 

2.37107 

4.25532 

738.27 

43373.6 

236 

55696 

13144256 

15.3623 

6.1797 

2.37291 

4.23729 

741.42 

43743.5 

237 

56169 

13312053 

15.3948 

6.1885 

2.37475 

4.21941 

744.56 

44115.0 

238 

56644 

13481272 

15.4272 

6.1972 

2.37658 

4.20168 

747.70 

44488.1 

239 

57121 

13651919 

15.4596 

6.2058 

2.37840 

4.18410 

750.84 

44862.7 

240 

57600 

13824000 

15.4919 

6.2145 

2.38021 

4.16667 

753.98 

45238.9 

241 

58081 

13997521 

15.5242 

6.2231 

2.38202 

4.14938 

757.12 

45616.7 

242 

58564 

14172488 

15.5563 

6.2317 

2.38382 

4.13223 

760.27 

45996.1 

243 

59049 

14348907 

15.5885 

6.2403 

2.38561 

4.11523 

763.41 

46377.0 

244 

59536 

14526784 

15.0205 

6.2488 

2.38739 

4.09S36 

766.55 

46759.5 

245 

60025 

14706125 

15.6525 

6.2573 

2.38917 

4.08163 

769.69 

47143.5 

246 

60516 

14886936 

15.6844 

6.2658 

2.39094 

4.06504 

772.83 

47529.2 

247 

61009 

15069223 

15.7102 

6.2743 

2.39270 

4.04858 

775.97 

47916.4 

248 

61504 

15252992 

15.7480 

6.2828 

2.39445 

4.03226 

779.12 

48305.1 

249 

62001 

15438249 

15.7797 

6.2912 

2.39620 

4.01606  1  782.26 

48695.5 
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Functions  of  Numbers,  250  to  299 

1000 

No.  =  Diameter 

No. 

Square 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

X 

Reciprocal 

Circum. 

Area 

250 

62500 

15625000 

15.8114 

6.2996 

2.39794 

4.00000 

785.40 

49087.4 

251 

63001 

15813251 

15.8430 

6.3080 

2.39967 

3.98406 

788.54 

49480.9 

252 

63504 

16003008 

15.8745 

6.3164 

2.40140 

3.96825 

791.68 

49875.9 

253 

64009 

16194277 

15.9060 

6.3247 

2.40312 

3.95257 

794.82 

50272.6 

254 

64516 

16387064 

15.9374 

6.3330 

2.40483 

3.93701 

797.96 

50670.7 

255 

65025 

16581375 

15.9687 

6.3413 

2.40654 

3.92157 

801.11 

51070.5 

256 

65536 

16777216 

16.0000 

6.3496 

2.40824 

3.90625 

804.25 

51471.9 

257 

66049 

16974593 

16.0312 

6.3579 

2.40993 

3.89105 

807.39 

51874.8 

258 

66564 

17173512 

16.0624 

6.3661 

2.41162 

3.87597 

810.53 

52279.2 

259 

67081 

17373979 

16.0935 

6.3743 

2.41330 

3.86100 

813.67 

52685.3 

260 

67600 

17576000 

16.1245 

6.3825 

2.41497 

3.84615 

816.81 

53092.9 

261  68121 

17779581 

16.1555 

6.3907 

2.41664 

3.83142 

819.96 

53502.1 

262 

68644 

17984728 

16.1864 

6.3988 

2.41830 

3.81679 

823.10 

53912.9 

263 

69169 

18191447 

16.2173 

6.4070 

2.41996 

3.80228 

826.24 

54325.2 

264 

69696 

18399744 

16.2481 

6.4151 

2.42160 

3.78788 

829.38 

54739.1 

265 

70225 

18609625 

16.2788 

6.4232 

2.42325 

3.77358 

832.52 

65154.6 

266 

70756 

18821096 

16.3095 

6.4312 

2.42488 

3.75940 

835.66 

55571.6   • 

267 

71289 

19034163 

16.3401 

6.4393 

2.42651 

3.74532 

838.81 

55990.2 

268 

71824 

19248832 

16.3707 

6.4473 

2.42813 

3.73134 

841.95 

56410.4 

269 

72361 

19465109 

16.4012 

6.4553 

2.42975 

3.71747 

845.09 

56832.2 

270 

72900 

19683000 

16.4317 

6.4633 

2.43136 

3.70370 

848.23 

57255.5 

271 

73441 

19902511 

16.4621 

6.4713 

2.43297 

3.69004 

851.37 

57680.4 

272 

73984 

20123648 

16.4924 

6.4792 

2.43457 

3.67647 

854.51 

58106.9 

273 

74529 

20346417 

16.5227 

6.4872 

2.43616 

3.66300 

857.65 

58534.9 

274 

75076 

20570824 

16.5529 

6.4951 

2.43775 

3.64964 

860.80 

58964.6 

275 

75625 

20796875 

16.5831 

6.5030 

2.43933 

3.63636 

863.94 

59395.7 

276 

76176 

21024576 

16.61.32 

6.5108 

2.44091 

3.62319 

867.08 

59828.5 

277 

76729 

21253933 

16.6433 

6.5187 

2.44248 

3.61011 

870.22 

60262.8 

278 

77284 

21484952 

16.6733 

6.5265 

2.44404 

3.59712 

873.36 

60698.7 

279 

77841 

21717639 

16.7033 

6.5343 

2.44560 

3.58423 

876.50 

61136.2 

280 

78400 

21952000 

16.7332 

6.5421 

2.44716 

3.57143 

879.65 

61575.2 

281 

78961 

22188041 

16.7631 

6.5499 

2.44871 

3.5.5872 

882.79 

62015.8 

282 

79524 

22425768 

16.7929 

6.5577 

2.45025 

3.54610 

885.93 

62458.0 

283 

80089 

22665187 

16.8226 

6.5654 

2.45179 

3.53357 

889.07 

62901.8 

284 

80656 

22906304 

16.8523 

6.5731 

2.4.5332 

3.52113 

892.21 

63347.1 

285 

81225 

23149125 

16.8819 

6.5808 

2.45484 

3.. 50877 

895.35 

63794.0 

286 

81796 

23393656 

16.9115 

6.5885 

2.45637 

3.496.50 

898.. 50 

64242.4 

287 

82369 

23639903 

16.9411 

6.5962 

2.4578S 

3.48432 

901.64 

64692.5 

288 

82944 

23887872 

16.9706 

6.6039 

2.45939 

3.47222 

904.78 

65144.1 

289 

83521 

24137569 

17.0000 

6.6115 

2.46090 

3.46021 

907.92 

65597.2 

290 

84100 

24389000 

17.0294 

6.6191 

2.46240 

3.44828 

911.06 

66052.0 

291 

84681 

24642171 

17.0.587 

6.6267 

2.463S9 

3.43643 

914.20 

66508.3 

292 

85264 

24897088 

17.0880 

6.6343 

2.46538  1  3.42466 

917.35 

66966.2 

293 

85849 

25153757 

17.1172 

6.6419 

2.46687 

3.41297 

920.49 

67425.6 

294 

86436 

25412184 

17.1464 

6.6494 

2.46835 

3.40136 

923.63 

67886.7 

295 

87025 

25672375 

17.17.56 

6.6.569 

2.46982 

3.38983 

926.77 

08349.3 

296 

87616 

25934336 

17.2047 

6.6644 

2.47129  1  3.37838 

929.91 

68813.4 

297  88209 

26198073 

17.2337 

6.6719 

2.47276 

3..36700 

933.05 

69279.2 

298  88804  26463592 

17.2627 

6.6794 

2.47422 

3.3.5570 

936.19 

69746.5 

299  89401  26730899 

17.2916 

6.6869 

2.47567 

3.34448 

939.34 

70215.4 

379 
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Functions  of  Numbers,  300  to  349 

No. 

Square 

Cube 

Square 
Root 

r:ubic 

Root 

Logarithm 

1000 

X 

Reciprocal 

No. = Diameter 

Circum. 

Area 

300 

90000 

27000000 

17.3205 

6.6943 

2.47712 

3.33333 

942.48 

70685.8 

301 

90601 

27270901 

17.3494 

6.7018 

2.47857 

3.32226 

945.62 

71157.9 

302 

91204 

27543608 

17.3781 

6.7092 

2.48001 

3.31126 

948.76 

71631.5 

303 

91809 

27818127 

17.4069 

6.7166 

2.48144 

3.30033 

951.90 

72106.6 

304 

92416 

28094464 

17.4356 

6.7240 

2.48287 

3.28947 

955.04 

72583.4 

305 

93025 

28372625 

17.4642 

6.7313 

2.48430 

3.27869 

958.19 

73061.7 

306 

93636 

28652616 

17.4929 

6.7387 

2.48572 

3.26797 

961.33 

73541.5 

307 

94249 

28934443 

17.5214 

6.7460 

2.48714 

3.25733 

964.47 

74023.0 

308 

94864 

29218112 

17.5499 

6.7533 

2.48855 

3.24675 

967.61 

74506.0 

309 

95481 

29503629 

17.5784 

6.7606 

2.48996 

3.23625 

970.75 

74990.6 

310 

96100 

29791000 

17.6068 

6.7679 

2.49136 

3.22581 

973.89 

75476.8 

311 

96721 

30080231 

17.6352 

6.7752 

2.49276 

3.21543 

977.04 

75964.5 

312 

97344 

30371328 

17.6635 

6.7824 

2.49415 

3.20513 

980.18 

76453.8 

313 

97969 

30664297 

17.6918 

6.7897 

2.49554 

3.19489 

983.32 

76944.7 

314 

98596 

30959144 

17.7200 

6.7969 

2.49693 

3.18471 

986.46 

77437.1 

315 

99225 

31255875 

17.7482 

6.8041 

2.49831 

3.17460 

989.60 

77931.1 

316 

99856 

31554496 

17.7764 

6.8113 

2.49969 

3.16456 

992.74 

78426.7 

317 

100489 

31855013 

17.8045 

6.8185 

2.50106 

3.15457 

995.88 

78923.9 

318 

101124 

32157432 

17.8326 

6.8256 

2.50243 

3.14465 

999.03 

79422.6 

319 

101761 

32461759 

17.8606 

6.8328 

2.50379 

3.13480 

1002.2 

79922.9 

320 

102400 

32768000 

17.8885 

6.8399 

2.50515 

3.12500 

1005.3 

80424.8 

321 

103041 

33076161 

17.9165 

6.8470 

2.50651 

3.11526 

1008.5 

80928.2 

322 

103684 

33386248 

17.9444 

6.8541 

2.50786 

3.10559 

1011.6 

81433.2 

323 

104329 

33698267 

17.9722 

6.8612 

2.50920 

3.09598 

1014.7 

81939.8 

324 

104976 

34012224 

18.0000 

6.8683 

2.51055 

3.08642 

1017.9 

82448.0 

325 

105625 

34328125 

18.0278 

6.8753 

2.51188 

3.07692 

1021.0 

82957.7 

326 

106276 

34645976 

18.0555 

6.8824 

2.51322 

3.06749 

1024.2 

83469.0 

327 

106929 

34965783 

18.0831 

6.8894 

2.51455 

3.05810 

1027.3 

83981.8 

328 

107584 

35287552 

18.1108 

6.8964 

2.51587 

3.04878 

1030.4 

84496.3 

329 

108241 

35611289 

18.1384 

6.9034 

2.51720 

3.03951 

1033.6 

85012.3 

330 

108900 

35937000 

18.1659 

6.9104 

2.51851 

3.03030 

1036.7 

85529.9 

331 

109561 

36264691 

18.1934 

6.9174 

2.51983 

3.02115 

1039.9 

86049.0 

332 

110224 

36594368 

18.2209 

6.9244 

2.52114 

3.01205 

1043.0 

86569.7 

333 

110889 

36926037 

18.2483 

6.9313 

2.52244 

3.00300 

1046.2 

87092.0 

334 

111556 

37259704 

18.2757 

6.9382 

2.52375 

2.99401 

1049.3 

87615.9 

335 

112225 

37595375 

1S.3030 

6.9451 

2.52504 

2.98507 

1052.4 

88141.3 

336 

112896 

37933056 

18.3303 

6.9521 

2.52634 

2.97619 

1055.6 

88668.3 

337 

113569 

38272753 

18.3576 

6.9589 

2.52763 

2.96736 

1058.7 

89196.9 

338 

114244 

38614472 

18.3848 

6.9658 

2.52892 

2.95858 

1061.9 

89727.0 

339 

114921 

38958219 

18.4120 

6.9727 

2.53020 

2.94985 

1065.0 

90258.7 

340 

115600 

39304000 

18.4391 

6.9795 

2.53148 

2.94118 

1068.1 

90792.0 

341 

116281 

39651821 

18.4662 

6.9864 

2.53275 

2.93255 

1071.3 

91326.9 

342 

116964 

40001688 

18.4932 

6.9932 

2.53403 

2.92398 

1074.4 

91863.3 

343 

117649 

40353607 

18.5203 

7.0000 

2.53529 

2.91545 

1077.6 

92401.3 

344 

118336 

40707584 

18.5472 

7.0068 

2.53656 

2.90698 

1080.7 

92940.9 

345 

119025 

41063625 

18.5742 

7.0136 

2.53782 

2.89855 

1083.8 

93482.0 

346 

119716 

41421736 

18.6011 

7.0203 

2..5390S 

2.89017 

1087.0 

94024.7 

347 

120409 

41781923 

18.6279 

7.0271 

2.54033 

2.88184 

1090.1 

94569.0 

348 

121104 

42144192 

18.6548 

7.0338 

2.54158 

2.87356 

1093.3 

95114.9 

349 

121801 

42508549 

18.6815 

7.0406 

2.54283 

2.86533 

1096.4 

95662.3 
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MATHEMATICAL  TABLES 


Functions  of  Numbers,  350  to  399 

No. 

Square 

RoimrP 

Cubic 
Root 

Logarithm 

1000 
Reciprocal 

No.  =  Diameter 

Cube 

Root 

Circum. 

Area 

350 

122500 

42875000 

18.7083 

7.0473 

2.54407 

2.85714 

1099.6 

96211.3 

351 

123201 

43243551 

18.7350 

7.0540 

2.54531 

2.84900 

1102.7 

96761.8 

352 

123904 

43614208 

18.7617 

7.0607 

2.54654 

2.84091 

1105.8 

97314.0 

353 

124609 

43986977 

18.7883 

7.0674 

2.54777 

2.8.3286 

1109.0 

97867.7 

354 

125316 

44361864 

18.8149 

7.0740 

2.54900 

2.82486 

1112.1 

98423.0 

355 

126025 

44738875  18.8414 

7.0807 

2.55023 

2.81690 

1115.3 

98979.8 

356 

126736 

45118016 

18.8680 

7.0873 

2.55145 

2.80899 

1118.4 

995.38.2 

357 

127449 

45499293 

18.8944 

7.0940 

2.55267 

2.80112 

1121.5 

100098 

358 

128164 

45882712 

18.9209 

7.1006 

2.55388 

2.79330 

1124.7 

100660 

359 

128881 

46268279 

18.9473 

7.1072 

2.55509 

2.78552 

1127.8 

101223 

360 

129600 

46656000 

18.9737 

7.1138 

2.55630 

2.77778 

1131.0 

101788 

361 

130321 

47045881 

19.0000 

7.1204 

2.5.5751 

2.77008 

11.34.1 

102354 

362 

131044 

47437928 

19.0263  7.1269 

2.55871 

2.76243 

1137.3 

102922 

363 

131769 

47832147 

19.0526 

7.1335 

2.55991 

2.75482 

1140.4 

103491 

364 

132496 

48228544 

19.0788 

7.1400 

2.56110 

2.74725 

1143.5 

104062 

365 

133225 

48627125 

19.1050 

7.1466 

2. .56229 

2.73973 

1146.7 

104635 

366 

133956 

49027896 

19.1311 

7.1531 

2.56348 

2.73224 

1149.8 

105209 

367 

134689 

49430863 

19.1572 

7.1596 

2.56467 

2.72480 

1153.0 

105785 

368 

135424 

49836032 

19.1833 

7.1661 

2.56585 

2.71739 

1156.1 

106362 

369 

136161 

50243409 

19.2094 

7.1726 

2.56703 

2.71003 

1159.2 

106941 

370 

136900  !  50653000 

19.2354 

7.1791 

2.56820 

2.70270 

1162.4 

107521 

371 

137641  1  51064811 

19.2614 

7.1855 

2.56937 

2.69542 

1165.5 

108103 

372 

138384  ;  51478848 

19.2873 

7.1920 

2.57054 

2.68S17 

1168.7 

108687 

373 

139129  51895117 

19.3132 

7.1984 

2.57171 

2.68097 

1171.8 

109272 

374 

139876  I  52313624 

19.3391 

7.2048 

2.572S7 

2.67380 

1175.0 

109858 

375 

140625  !  52734375 

19.3649 

7.2112 

2.57403 

2.66667 

1178.1 

110447 

376 

141376 

53157376 

19.3907 

7.2177 

2.57519 

2.65957 

1181.2 

111036 

377 

142129 

53582633 

19.4165 

7.2240 

2.57634 

2.65252 

1184.4 

111628 

378 

142884 

54010152 

19.4422 

7.2304 

2.57749 

2.645.50 

1187.5 

112221 

379 

143641 

54439939 

19.4679 

7.2368 

2.57864 

2.63852 

1190.7 

112815 

380 

144400 

54872000 

19.4936 

7.2432 

2.57978 

2.63158 

1193.8 

113411 

381 

145161 

55306341 

19.5192 

7.2495 

2.58093 

2.62467 

1196.9 

114009 

382 

145924 

55742968 

19.5448 

7.2558 

2.58206 

2.61780 

1200.1 

114608 

383 

146689 

56181887 

19..5704 

7.2622 

2.58320 

2.61097 

1203.2 

115209 

384 

147456  i  56623104  19.5959 

7.2685 

2.58433 

2.60417 

1206.4 

115812 

385 

148225 

57066625  19.6214 

7.2748 

2.58546 

2.59740 

1209.5 

116416 

386 

148996 

57512456  19.6469 

7.2811 

2.58659 

2.59067 

1212.7 

117021 

387 

149769 

57960603  '  19.6723 

7.2874 

2.58771 

2.58398 

1215.8 

117628 

388 

150544 

58411072  19.6977 

7.2936 

2.58883 

2.57732 

1218.9 

118237 

389 

151321 

58863869 

19.7231 

7.2999 

2.58995 

2.57069 

1222.1 

118847 

390 

152100 

59319000 

19.7484 

7.3061 

2.59106 

2.56410 

1225.2 

119459 

391 

152881 

59776471 

19.7737 

7.3124 

2.59218 

2..55754 

1228.4 

120072 

392 

153664 

60236288 

19.7990  1  7.3186 

2.59329 

2.55102 

1231.5 

120687 

393 

154449  1  60698457 

19.8242  i  7.3248 

2.59439 

2. .54453 

1234.6 

121.304 

394 

155236 

61162984 

19.8494 

7.3310 

2..59550 

2.. 5.3807 

1237.8 

121922 

395 

156025 

61629875 

19.8746 

7.3372 

2.59660 

2..53165 

1240.9 

122.542 

396 

156816 

62099136 

19.8997 

7.3434 

2.59770 

2..52525 

1244.1 

123163 

397 

157609 

62570773 

19.9249 

7.3496 

2.59879 

1  2.51889 

1247.2 

123786 

398 

158404 

63044792 

19.9499 

7.3558  1  2.59988  i  2.51256 

1250.4 

124410 

399 

159201 

63521199 

19.9750  I  7.3619  1  2.60097  1  2.50627 

1253.5 

125036 
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CARNEGIE 

STEEL  COMPANY 

Functions  of  Numbers  400  to  449 

1000 

No.= 

)iaineter 

No. 

Square 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

X 

Reciprocal 

Circum. 

Area 

400 

160000 

64000000 

20.0000 

7.3681 

2.60206 

2.50000 

1256.6 

125664 

401 

160801 

64481201 

20.0250 

7.3742 

2.60314 

2.49377 

1259.8 

126293 

402 

161604 

64964808 

20.0499 

7.3803 

2.60423 

2.48756 

1262.9 

126923 

403 

162409 

65450827 

20.0749 

7.3864 

2.60531 

2.48139 

1266.1 

127556 

404 

163216 

65939264 

20.0998 

7.3925 

2.60638 

2.47525 

1269.2 

128190 

405 

164025 

66430125 

20.1246 

7.3986 

2.60746 

2.46914 

1272.3 

128825 

406 

164836 

66923416 

20.1494 

7.4047 

2.60853 

2.46305 

1275.5 

129462 

407 

165649 

67419143 

20.1742 

7.4108 

2.60959 

2.4.5700 

1278.6 

130100 

408 

166464 

67917312 

20.1990 

7.4169 

2.61066 

2.45098 

1281.8 

130741 

409 

167281 

68417929 

20.2237 

7.4229 

2.61172 

2.44499 

1284.9 

131382 

410 

168100 

68921000 

20.2485 

7.4290 

2.61278 

2.43902 

1288.1 

132025 

411 

168921 

69426531 

20.2731 

7.4350 

2.61384  2.43309 

1291.2 

132670 

412 

169744 

69934528 

20.2978 

7.4410 

2.61490  2.42718 

1294.3 

133317 

413 

170569 

70444997 

20.3224 

7.4470 

2.61595 

2.42131 

1297.5 

133965 

414 

171396 

70957944 

20.3470 

7.4530 

2.61700 

2.41546 

1300.6 

134614 

415 

172225 

71473375 

20.3715 

7.4590 

2.61805 

2.40964 

1303.8 

135265 

416 

173056 

71991296 

20.3961 

7.4650 

2.61909 

2.40.385 

1306.9 

135918 

417 

173889 

72511713 

20.4206 

7.4710 

2.62014 

2.39808 

1310.0 

136572 

418 

174724 

73034632 

20.4450 

7.4770 

2.62118 

2.39234 

1313.2 

137228 

419 

175561 

73560059 

20.4695 

7.4829 

2.62221 

2.38663 

1316.3 

137885 

420 

176400 

74088000 

20.4939 

7.4889 

2.62325 

2.38095 

1319.5 

138544 

421 

177241 

74618461 

20.5183 

7.4948 

2.62428 

2.37530 

1322.6 

139205 

422 

178084 

75151448 

20.5426 

7.5007 

2.62531 

2.36967 

1325.8 

139867 

423 

178929 

75686967 

20.5670 

7.5067 

2.62634 

2.36407 

1328.9 

140531 

424 

179776 

76225024 

20.5913 

7.5126 

2.62737 

2.35849 

1332.0 

141196 

425 

180625 

76765625 

20.6155 

7.5185 

2.62839 

2.35294 

1335.2 

141863 

426 

181476 

77308776 

20.6398 

7.5244 

2.62941 

2.34742 

1338.3 

142531 

427 

182329 

77854483 

20.6640 

7.5302 

2.63043 

2.34192 

1341.5 

143201 

428 

183184 

78402752 

20.6882 

7.5361 

2.63144 

2.33645 

1344.6 

143872 

429 

184041 

78953589 

20.7123 

7.5420 

2.63246 

2.33100 

1347.7 

144545 

430 

184900 

79507000 

20.7364 

7.5478 

2.63347 

2.32558 

1350.9 

145220 

431 

185761 

80062991 

20.7605 

7.5537 

2.63448 

2.32019 

1354.0 

145896 

432 

186624 

80621568 

20.7846 

7.5595 

2.63548 

2.31481 

1357.2 

146574 

433 

187489 

81182737 

20.8087 

7.5654 

2.63649 

2.30947 

1360.3 

147254 

434 

188356 

81746504 

20.8327 

7.5712 

2.63749 

2.30415 

1363.5 

147934 

435 

189225 

82312875 

20.8567 

7.5770 

2.63849 

2.29885 

1366.6 

148617 

436 

190096 

82881856 

20.8806 

7.5828 

2.63949 

2.29358 

1369.7 

149301 

437 

190969 

83453453 

20.9045 

7.5886 

2.64048 

2.28833 

1372.9 

149987 

438 

191844 

84027672 

20.9284 

7.5944 

2.64147 

2.28311 

1376.0 

150674 

439 

192721 

84604519 

20.9523 

7.6001 

2.64246 

2.27790 

1379.2 

151363 

440 

193600 

85184000 

20.9762 

7.6059 

2.64345 

2.27273 

1382.3 

152053 

441 

194481 

85766121 

21.0000 

7.6117 

2.64444 

2.26757 

1385.4 

152745 

442 

195364 

86350888 

21.0238 

7.6174 

2.64542 

2.26244 

1388.6 

153439 

443 

196249 

86938307 

21.0476 

7.6232 

2.64640 

2.25734 

1391.7 

154134 

444 

197136 

87528384 

21.0713 

7.6289 

2.64738 

2.25225 

1394.9 

154830 

445 

198025 

88121125 

21.0950 

7.6346 

2.64836 

2.24719 

1398.0 

155528 

446 

198916 

88716536 

21.1187 

7.6403 

2.64933 

2.24215 

1401.2 

156228 

447 

199809 

89314623 

21.1424 

7.6460 

2.65031 

2.23714 

1404.3 

156930 

448 

200704 

89915392 

21.1660 

7.6517 

2.65128 

2.23214 

1407.4 

157633 

449 

201601 

90518849 

21.1896 

7.6574 

2.65225 

2.22717 

1410.6 

158337 
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MATHEMATICAL  TABLES 


Functions  of 

Numbers,  450  to  499 

No. 

Square 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

1000 
Reciprocal 

No.  ^Diameter 

Circum. 

Area 

450 

202500 

91125000 

21.2132 

7.6631 

2.65321 

2.22222 

1413.7 

159043 

451 

203401 

91733S51 

21.2368 

7.6688 

2.65418 

2.21729 

1416.9 

159751 

452 

204304 

92345408 

21.2603 

7.6744 

2.65514 

2.21239 

1420.0 

160460 

453 

205209 

92959677 

21.2838 

7.6801 

2.65610 

2.20751 

1423.1 

161171 

454 

206116 

93576664 

21.3073 

7.6857 

2.65706 

2.20264 

1426.3 

161883 

455 

207025 

94196375 

21.3307 

7.6914 

2.65801 

2.19780 

1429.4 

162597 

456 

207936 

94818816 

21.3542 

7.6970 

2.65896 

2.19298 

1432.6 

163313 

457 

208849 

95443993 

21.3776 

7.7026 

2.65992 

2.18818 

1435.7 

164030 

458 

209704 

96071912 

21.4009 

7.7082 

2.66087 

2.18341 

1438.8 

164748 

459 

210681 

96702579 

21.4243 

7.7138 

2.66181 

2.17865 

1442.0 

165468 

460 

211600 

97336000 

21.4476 

7.7194 

2.66276 

2.17391 

1445.1 

166190 

461 

212521 

97972181 

21.4709 

7.7250 

2.66370 

2.16920 

1448.3 

166914 

462 

213444 

98611128 

21.4942 

7.7306 

2.66464 

2.16450 

1451.4 

167639 

463 

214309 

99252847 

21.5174 

7.7362 

2.66558 

2.15983 

1454.6 

168365 

464 

215296 

99897344 

21.5407 

7.7418 

2.66652 

2.15517 

1457.7 

169093 

465 

216225 

100544625 

21.5639 

7.7473 

2.66745 

2.15054 

1460.8 

169823 

466 

217156 

101194696 

21.5870 

7.7529 

2.66839 

2.14592 

1464.0 

170554 

467 

218089 

1018475G3 

21.6102 

7.7584 

2.66932 

2.14133 

1467.1 

171287 

468 

219024 

102503232 

21.6333 

7.7639 

2.67025 

2.13675 

1470.3 

172021 

469 

219961 

103161709 

21.6564 

7.7695 

2.67117 

2.13220 

1473.4 

172757 

470 

220900 

103823000 

21.6795 

7.7750 

2.67210 

2.12766 

1476.5 

173494 

471 

221841 

104487111 

21.7025 

7.7805 

2.67302 

2.12314 

1479.7 

174234 

472 

222784 

105154048 

21.72.56 

7.7860 

2.67394 

2.11864 

1482.8 

174974 

473 

223729 

105823817 

21.7486 

7.7915 

2.67486 

2.11416 

1486.0 

175716 

474 

224676 

106496424 

21.7715 

7.7970 

2.67578 

2.10970 

1489.1 

176460 

475 

225625 

107171875 

21.7945 

7.8025 

2.67669 

2.10.526 

1492.3 

177205 

476 

226576 

107850176 

21.8174 

7.8079 

2.67761 

2.10084 

1495.4 

1779.52 

477 

227529 

108531333 

21.8403 

7.8134 

2.67852 

2.09644 

1498.5 

178701 

478 

22S4S4 

109215352 

21.8632 

7.8188 

2.67943 

2.09205 

1501.7 

179451 

479 

229441 

109902239 

21.8861 

7.8243 

2.68034 

2.08768 

1504.8 

180203 

480 

230400 

110592000 

21.9089 

7.8297 

2.68124 

2.08.333 

1508.0 

180956 

481 

231361 

111284641 

21.9317 

7.8352 

2.68215 

2.07900 

1511.1 

181711 

482 

232324 

111980168 

21.9545 

7.8406 

2.68305 

2.07469 

1514.2 

182467 

483 

233289 

112678587 

21.9773 

7.8460 

2.68395 

2.07039 

1517.4 

183225 

484 

234256 

113379904 

22.0000 

7.8514 

2.68485 

2.06612 

1520.5 

183984 

485 

235225 

114084125 

22.0227 

7.8568 

2.68574 

2.06186 

1523.7 

184745 

486 

236196 

114791256 

22.0454 

7.8622 

2.68664 

2.05761 

1.526.8 

185508 

487 

237169 

115501303 

22.0681 

7.8676 

2.68753 

2.05339 

1.530.0 

186272 

488 

238144 

116214272 

22.0907 

7.S730 

2.68842 

2.04918 

1533.1 

187038 

489 

239121 

116930169 

22.1133 

7.8784 

2.68931 

2.04499 

1536.2 

187805 

490 

240100 

117649000 

22.1359 

7.8837 

2.69020 

2.04082 

1539.4 

188574 

491 

241081 

118370771 

22.1585 

7.8891 

2.69108 

2.03666 

1542.5 

189345 

492 

242064 

119095488 

22.1811 

7.8944 

2.69197 

2.03252 

1545.7 

190117 

493 

243049 

119823157 

22.2036 

7.8998  1  2.69285 

2.02840 

1548.8 

190890 

494 

244036 

120553784 

22.2201 

7.9051 

2.69373 

2.02429 

1551.9 

191665 

495 

245025 

121287375 

22.2486 

7.9105 

2.69461 

2.02020 

15.55.1 

192442 

496 

246016 

122023936 

22.2711 

7.9158 

2.69.548 

2.01613 

1558.2 

193221 

497 

247009 

122763473 

22.2935 

7.9211 

2.69636 

2.01207 

1561.4 

194000 

498 

248004 

123505992 

22.3159 

7.9264 

2.69723 

2.00803 

1564.5 

194782 

499 

249001 

124251499 

22.3383 

7.9317 

2.69810 

2.00401 

1567.7 

195565 

383 


CARNEGIE 

STEEL 

COMPi* 

INY 

Functions  of  Numbers  500  to  549 

1000 

No.  ^Diameter 

No. 

Square 

Cube 

Square 
Eoot 

Cubic 
Root 

Logarithm 

X 

Reciprocal 

Circum.   Area 

500 

250000 

125000000 

22.3607 

7.9370 

2.69897 

2.00000 

1570.8 

196350 

501 

251001 

125751501 

22.3830 

7.9423 

2.69984 

1.99601 

1573.9 

197136 

502 

252004 

126506008 

22.4054 

7.9476 

2.70070 

1.99203 

1577.1 

197923 

503 

253009 

127263527 

22.4277 

7.9528 

2.70157 

1.98807 

1580.2 

198713 

504 

254016 

128024064 

22.4499 

7.9581 

2.70243 

1.98413 

1583.4 

199504 

505 

255025 

128787625 

22.4722 

7.9634 

2.70329 

1.98020 

1586.5 

200296 

506 

256036 

129554216 

22.4944  7.9686 

2.70415 

1.97628 

1589.6 

201090 

507 

257049 

130323843 

22.5167 

7.9739 

2.70501 

1.97239 

1592.8 

201886 

508 

258064 

131096512 

22.5389 

7.9791 

2.70586 

1.96850 

1595.9 

202683 

509 

259081 

131872229 

22.5610 

7.9843 

2.70672 

1.96464 

1699.1 

203482 

510 

260100 

132651000 

22.5832 

7.9896 

2.70757 

1.96078 

1602.2 

204282 

511 

261121 

133432831 

22.6053 

7.9948 

2.70842 

1.95695 

1606.4 

205084 

512 

262144 

134217728 

22.6274 

8.0000 

2.70927 

1.95312 

1608.5 

205887 

513 

263169 

135005697 

22.6495 

8.0052 

2.71012 

1.94932 

1611.6 

206692 

514 

264196 

135796744 

22.6716 

8.0104 

2.71096 

1.94553 

1614.8 

207499 

515 

265225 

136590875 

22.6936 

8.0156 

2.71181  1.94175 

1617.9 

208307 

516 

266256 

137388096 

22.7156 

8.0208 

2.71265 

1.93798 

1621.1 

209117 

517 

267289 

138188413 

22.7376 

8.0260 

2.71349 

1.93424 

1624.2 

209928 

518 

268324 

138991832 

22.7596 

8.0311 

2.71433 

1.93050 

1627.3 

210741 

519 

269361 

139798359 

22.7816 

8.0363 

2.71517 

1.92678 

1630.5 

211656 

620 

270400  140608000 

22.8035 

8.0415 

2.71600 

1.92308 

1633.6 

212372 

521 

271441 

141420761 

22.8254 

8.0466 

2.71684 

1.91939 

1636.8 

213189 

522 

272484 

142236648 

22.8473 

8.0517 

2.71767 

1.91571 

1639.9 

214008 

523 

273529 

143055667 

22.8692 

8.0569 

2.71850 

1.91205 

1643.1 

214829 

524 

274576 

143877824 

22.8910 

8.0620 

2.71933 

1.90840 

1646.2 

21.5651 

525 

275625 

144703125 

22.9129 

8.0671 

2.72016 

1.90476 

1649.3 

216475 

526 

276676 

145531576 

22.9347 

8.0723 

2.72099 

1.90114 

1652.5 

217301 

627 

277729 

140363183 

22.9565 

8.0774 

2.72181 

1.89753 

1655.6 

218128 

628 

278784 

147197952 

22.9783 

8.0825 

2.72263 

1.89394 

1658.8 

218956 

529 

279841 

148035889 

23.0000 

8.0876 

2.72346 

1.89036 

1661.9 

219787 

530 

280900 

148877000 

23.0217 

8.0927 

2.72428 

1.88679 

1665.0 

220618 

531 

281961 

149721291 

23.0434 

8.0978 

2.72509 

1.88324 

1668.2 

221452 

532 

283024 

150568768 

23.0651 

8.1028 

2.72591 

1.87970 

1671.3 

222287 

533 

284089 

151419437 

23.0868 

8.1079 

2.72673 

1.87017 

1674.5 

223123 

534 

285156 

152273304 

23.1084 

8.1130 

2.72754 

1.87266 

1677.6 

223961 

535 

286225 

153130375 

23.1301 

8.1180 

2.72835 

1.86916 

1680.8 

224801 

536 

287296 

153990656 

23.1517 

8.1231 

2.72916 

1.86507 

1683.9 

225642 

537 

288369 

154854153 

23.1733 

8.1281 

2.72997 

1.86220 

1687.0 

226484 

538 

289444 

155720872 

23.1948 

8.1332 

2.73078 

1.85874 

1690.2 

227329 

539 

290521 

156590819 

23.2164 

8.1382 

2.73159 

1.85529 

1693.3 

228176 

540 

291600 

157464000 

23.2379 

8.1433 

2.73239 

1.85185 

1696.5 

229022 

641 

292681 

158340421 

23.2594 

8.1483 

2.73320 

1.84843 

1699.6 

229871 

642 

293764 

159220088 

23.2809 

8.1533 

2.73400 

1.84502 

1702.7 

230722 

543 

294849 

160103007 

23.3024 

8.1583 

2.73480 

1.84162 

1705.9 

231.574 

644 

295936 

160989184 

23.3238 

8.1633 

2.73560 

1.83824 

1709.0 

232428 

545 

297025 

101878625 

23.3452 

8.1683 

2.73640 

1.83486 

1712.2 

233283 

646 

298116 

162771336 

23.3666 

8.1733 

2.73719 

1.83150 

1715.3 

234140 

547 

299209 

163667323 

23.3880 

8.1783 

2.73799 

1.82815 

1718.5 

234998 

648 

300304 

164566592 

23.4094 

8.1833 

2.73878 

1.82482 

1721.6 

235858 

649 

301401 

165469149 

23.4307 

8.1882 

2.73967  1  1.82149 

1724.7 

236720 

3S4 


MATHEMATICAL  TABLES 


Functions  of  Numbers,  550 

TO  599 

No. 

Square 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

1000 

X 

No.=Diameter 

Reciprocal 

Circum. 

Area 

550 

302500 

16637.5000 

23.4521 

8.1932 

2.74036 

1.81818 

1727.9 

237583 

551 

303601 

107284151 

23.47.34 

8.1982 

2.74115 

1.81488 

1731.0 

238448 

552 

304704 

168196608 

23.4947 

8.2031 

2.74194 

1.81159 

1734.2 

239314 

653 

305809 

169112377 

23.5160 

8.2081 

2.74273 

1.80832 

1737.3 

240182 

554 

300916 

170031464 

23.5372 

8.2130 

2.74351 

1.80505 

1740.4 

241051 

555 

308025 

170953875 

23.5584 

8.2180 

2.74429 

1.80180 

1743.6 

241922 

556 

309136 

171879616 

23.5797 

8.2229 

2.74507 

1.79856 

1746.7 

242795 

557 

310249 

172808693 

23.6008 

8.2278 

2.74586 

1.79533 

1749.9 

243669 

558 

311364 

173741112 

23.6220 

8.2327 

2.74663 

1.79211 

1753.0 

244545 

559 

312481 

174676879 

23.6432 

8.2377 

2.74741 

1.78891 

1756.2 

245422 

660 

313600 

175616000 

23.6643 

8.2426 

2.74819 

1.78571 

M'59.3 

246.301 

561 

314721 

176558481 

23.6854 

8.2475 

2.74896 

1.78253 

1762.4 

247181 

562 

315844 

177504328 

23.7005 

8.2524 

2.74974 

1.77936 

1765.6 

248063 

563 

316969 

178453547 

23.7276 

8.2573 

2.75051 

1.77620 

1768.7 

248947 

564 

318096 

179406144 

23.7487 

8.2621 

2.75128 

1.77305 

1771.9 

249832 

565 

319225 

180362125 

23.7697 

8.2670 

2.75205 

1.76991 

1775.0 

250719 

566 

320356 

181321496 

23.7908 

8.2719 

2.75282 

1.76078 

1778.1 

251007 

567 

321489 

182284263 

23.8118 

8.2768 

2.75358 

1.70367 

1781.3 

252497 

568 

322624 

183250432 

23.8328 

8.2816 

2.75435 

1.76056 

1784.4 

253388. 

569 

323761 

184220009 

23.8537 

8.2865 

2.75511 

1.75747 

1787.6 

25428 L 

570 

324900 

185193000 

23.8747 

8.2913 

2.75587 

1.75439 

1790.7 

255176. 

571 

326041 

1S6169411 

23.8956 

8.2962 

2.75064 

1.75131 

1793.8 

250072 

572 

327184 

187149248 

23.9105 

8.3010 

2.75740 

1.74825 

1797.0 

250970 

573 

328329 

188132517 

23.9374 

8.3059 

2.75815 

1.74520 

1800.1 

257809 

574 

329476 

189119224 

23.9583 

8.3107 

2.75891 

1.74216 

1803.3 

258770 

575 

330625 

190109375 

23.9792 

8.3155 

2.75967 

1.73913 

1806.4 

259672 

576 

331776 

191102976 

24.0000 

8.3203 

2.70042 

1.73011 

1809.6 

260576 

577 

332929 

192100033 

24.0208 

8.3251 

2.70118 

1.73310 

1812.7 

201482 

678 

334084 

193100.552 

24.0410 

8.3300 

2.76193 

1.73010 

1815.8 

262389 

679 

335241 

194104539 

24.0624 

8.3348 

2.76268 

1.72712 

1819.0 

263298 

680 

336400 

195112000 

24.0832 

8.3396 

2.76343 

1.72414 

1822.1 

264208 

581 

337561 

196122941 

24.10.-3 

8.3443 

2.76418 

1.72117 

1825.3 

265120 

582 

338724 

197137368 

24.124V 

8..3491 

2.70492 

1.71821 

1828.4 

200033 

583 

339889 

198155287 

24.1454  8.3539 

2.70567 

1.71527 

1831.6 

206948 

584 

3410.56 

199176704 

24.1661  8.3.587  1  2.76041 

1.71233 

18.34.7 

267865 

585 

342225 

200201625 

24.1808  S.3634 

2.76716 

1.70940 

1837.8 

268783 

586 

343396 

201230056 

24.2074 

8.3082 

2.76790 

1.70648 

1841.0 

269703 

587 

344569 

202262003 

24.2281 

8.3730 

2.76864 

1.70358 

1844.1 

270624 

688 

345744 

203297472 

24.2487 

8..3777 

2.76938 

1.70068 

1847.3 

271547 

589 

346921 

204336469 

24.2693 

8.3825 

2.77012 

1.69779 

1850.4 

272471 

590 

.348100 

205379000 

24.2899 

8.3872 

2.77085 

1.69492 

1853.5 

273397 

591 

349281 

20042.5071 

24.3105 

8.3919 

2.77159 

1.69205 

1856.7 

274325 

592 

350464 

207474088 

24.3311 

8.3907 

2.77232 

1.68919 

18.59.8 

275254 

693 

351649 

208.527S57 

24.3516 

8.4014 

2.77305 

l.G«(i34 

1803.0 

27G1S4 

594 

352836 

209584584 

24.3721 

8.4001 

2.77379 

1.68350 

ISC.G.l 

277117 

596 

354025 

210644875 

24.3920 

8.4108 

2.77452 

1.68007 

1S09.2 

278051 

696 

355216 

211708736 

24.4131 

8.41.55 

2.77.525 

1.67785 

1872.4 

278986 

697 

356409 

212776173 

24.43.36 

8.4202 

2.77.597 

1.67.504 

1875.5 

279923 

598 

357604 

213847192 

24.4540 

8.4249 

2.77670 

1.07224 

1878.7 

280862 

699  1  358801 

214021799 

24.4745 

8.4296 

2.77743 

1.66945 

1881.8 

281802 

385 


CARNEQIE 

STEEL 

COMPANY 

Functions  of  Numbers  600  to  649 

I 

No.  1  Square 

1      _ 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

lOOO 

No.^Diameter 

X 

Reciprocal 

Circum.  1  Area 

600 

360000 

216000000 

24.4949 

8.4343 

2.77815 

1.66667 

1885.0 

282743 

601 

361201 

217081801 

24.5153 

8.4390 

2.77887 

1.66.389 

1888.1 

283687 

602 

362404 

218167208 

24.5357 

8.4437 

2.77960 

1.66113 

1891.2 

284631 

603 

363609 

219256227 

24.5561 

8.4484 

2.78032 

1.65837 

1894.4 

285578 

604 

364816 

220348864 

24.5764 

8.4530 

2.78104 

1.65563 

1897.5 

286526 

605 

366025 

221445125 

24.5967 

8.4577 

2.78176 

1.65289 

1900.7 

287475 

606 

367236 

222545016 

24.6171 

8:4623 

2.78247 

1.65017 

1903.8 

2S8426 

607 

368449 

223648543 

24.6374 

8.4670 

2.78319 

1.64745 

1906.9 

289379 

608  369664 

224755712 

24.6577 

8.4716 

2.78390 

1.64474 

1910.1  j 290333  1 

609  370881 

225866529 

24.6779 

8.4763 

2.78462 

1.64204 

1913.2  i  291289 

610  372100 

226981000 

24.6982 

8.4809 

2.78533 

1.63934 

1916.4 

292247 

611  1  373321 

228099131 

24.7184 

8.4856 

2.78604 

1.63666 

1919.5 

293206 

612  1 374544 

229220928 

24.7386 

8.4902 

2.78675 

1.63399 

1922.7 

294166 

613  375769 

230346397 

24.7588 

8.4948 

2.78746 

1.63132 

1925. S 

295128 

614  1  376996 

231475544 

24.7790 

8.4994 

2.78817 

1.62866 

1928.9 

296092 

615  37S225 

232608375 

24.7992 

8.5040 

2.78888 

1.62602 

1932.1 

297057 

616  379456 

233744896 

24.8193 

8.5086 

2.78958 

1.62338 

1935.2 

298024 

617  380689 

234885113 

24.8395 

8.5132 

2.79029  1.62075 

1938.4 

298992 

618  381924 

236029032 

24.8596 

8.5178 

2.79099 

1.61812 

1941.5 

299962 

619  383161 

237176659 

24.8797 

8.5224 

2.79169 

1.61551 

1944.6 

300934 

620  384400 

238328000 

24.8998 

8.5270 

2.79239 

1.61290 

1947.8 

301907 

621  385641 

239483061 

24.9199 

8.5316 

2.79309 

1.61031 

1950.9 

302882 

622 

386884 

240641848 

24.9399 

8.5362 

2.79379 

1.60772 

1954.1 

303858 

623 

388129 

241804367 

24.9600 

8.5408 

2.79449 

1.60514 

1957.2 

304836 

624 

389376 

242970624 

24.9800 

8.5453 

2.79518 

1.60256 

1960.4 

305815 

625 

390625 

244140625 

25.0000 

8.5499 

2.79588 

1.60000 

1963.5 

306796 

626 

391876 

245314376 

25.0200 

8.5544 

2.79667 

1.59744 

1966.6 

307779 

627 

393129 

246491883 

25.0400 

8.5590 

2.79727 

1.59490 

1969.8 

308763 

628 

394384 

247673152 

25.0599 

8.5635 

2.79796 

1.59236 

1972.9 

309748 

629 

395641 

248858189 

25.0799 

8.5681 

2.79865 

1.58983 

1976.1 

310736 

630 

396900 

250047000 

25.0998 

8.5726 

2.79934 

1.58730 

1979.2 

311725 

631 

398161 

251239591 

25.1197 

8.5772 

2.80003 

1.58479 

1982.3 

312715 

632 

399424 

252435968 

25.1396 

8.5817 

2.80072 

1.58228 

1985.5 

313707 

633 

400689 

253636137 

25.1595 

8.5862 

2.80140 

1.57978 

1988.6 

314700 

634 

401956 

254840104 

25.1794 

8.5907 

2.80209 

1.57729 

1991.8 

315696 

635 

403225 

256047875 

25.1992 

8.5952 

2.80277 

1.57480 

1994.9 

316692 

636 

404496 

257259456 

25.2190 

8.5997 

2.80346 

1.57233 

1998.1 

317690 

637 

405769 

258474853 

25.2389 

8.6043  1  2.80414 

1.56986 

2001.2 

318690 

638 

407044 

259694072 

25.2587 

8.6088 

2.80482 

1.56740 

2004.3 

319692 

639 

408321 

260917119 

25.2784 

8.6132 

2.80550 

1.56495 

2007.5 

320695 

640 

409600 

262144000 

25.2982 

8.6177 

2.80618 

1.56250 

2010.6 

321699 

641 

410881 

263374721 

25.3180 

8.6222 

2.S0686  j  1.. 56006 

2013.8 

322705 

•642 

412164 

264609288 

25.3377 

8.6267 

2.80754 

1.55703 

2016.9 

323713 

643 

413449 

265847707 

25.3574 

8.6312 

2.80821 

1.. 55521 

2020.0 

324722 

644 

414736 

267089984 

25.3772 

8.6357 

2.80889 

1.55280 

2023.2 

325733 

645 

416025 

268336125 

25.3969 

8.6401 

2.80956 

1.55039 

2026.3 

326745 

646 

417316 

269586136 

25.4105 

8.6446 

2.S1023 

1.54799 

2029.5 

327759 

647 

418609 

270840023 

25.4362 

8.0490 

2.81090 

1.54560 

2032.6 

328775 

648 

419904 

272097792 

25.4558 

8.6535 

2.81158 

1.54321 

2035.8 

329792 

649 

421201 

273359449 

25.4755 

8.6579 

2.81224 

1.54083 

2038.9 

330810 
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Functions  of  Numbers,  650  to  699 

1000 

No.=Diametcr 

No. 

Square 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

X 

Reciprocal 

Circum.   Area 

650 

422500 

274625000 

25.4951 

8.6624 

2.81291 

1.. 53846 

2042.0 

331831 

651 

423S01 

275894451 

25.5147 

8.6668 

2.81358 

1.. 53610 

2045.2 

332853 

652 

425104 

277167808 

25.5343 

8.6713 

2.81425 

1.5.3374 

2048.3 

333876 

653 

426409 

278445077 

25.5539 

8.6757 

2.81491 

1.53139 

2051.5 

3.34901 

654 

427716 

279720264 

25.5734 

S.6S01 

2.81558 

1.52905 

20.34.6 

335927 

655 

429025 

281011375 

25..5930 

8.6845 

2.81624 

1.52672 

2057.7 

336955 

656 

430336 

282300416 

25.6125 

8.6890 

2.81690 

1..52439 

2060.9 

337985 

657 

431649 

283593393 

25.6320 

8.6934 

2.81757 

1.52207 

20G4.0 

339016 

658 

432964 

284S90312 

25.6515 

8.6978 

2.81823 

1.51976 

2067.2 

340049 

659 

434281 

286191179 

25.6710 

8.7022 

2.81889 

1.51745 

2070.3 

341084 

660 

435600 

2S7496000 

25.6905 

8.7066 

2.81954 

1.51515 

2073.5 

342119 

661 

436921 

288804781 

25.7099 

8.7110 

2.82020 

1.51286 

2076.6 

343157 

662 

438244 

290117528 

25.7294 

8.7154 

2.82086 

1.51057 

2079.7 

344196 

663 

439569 

291434247 

25.7488 

8.7198 

2.82151 

1.50830 

2082.9 

34.5237 

664 

440890 

292754944 

25.7682 

8.7241 

2.82217 

1.50602 

2086.0 

346279 

665 

442225 

294079G25 

25.7876 

8.7285 

2.82282 

1.50376 

2089.2 

347323 

666 

443556 

29540S296 

25.8070 

8.7.329 

2.82.347 

1.50150 

2092.3 

348368 

667 

4448S9 

296740963 

25.8263 

8.7373 

2.82413 

1.49925 

2095.4 

349415 

668 

446224 

298077632 

25.8457 

8.7416 

2.82478 

1.49701 

2098.6 

350464 

669 

447561 

299418309 

25.8650 

8.7460 

2.82543 

1.49477 

2101.7 

351514 

670 

448900 

300763000 

25.8844 

8.7503 

2.82607 

1.492.54 

2104.9 

3.52.565 

671 

450241 

302111711 

25.9037 

8.7547 

2.82672 

1.49031 

2108.0 

353618 

672 

451584 

303464448 

25.9230 

8.7590 

2.82737 

1.48810 

2111.2 

354673 

673 

452929 

304821217 

25.9422 

8.7634 

2.82802 

1.48588 

2114.3 

355730 

674 

454276 

306182024 

25.9615 

8.7677 

2.82866 

1.48368 

2117.4 

356788 

675 

455625 

307546875 

25.9808 

8.7721 

2.82930 

1.48148 

2120.6 

357847 

676 

456976 

308915776 

26.0000 

8.7764 

2.82995 

1.47929 

2123.7 

358908 

677 

458329 

310288733 

26.0192 

8.7807 

2.83059 

1.47710 

2126.9 

359971 

678 

459684 

311665752 

26.0384 

8.78.50 

2.83123 

1.47493 

2130.0  361035 

679 

461041 

313046839 

26.0576 

8.7893 

2.83187 

1.47275 

2133.1 

362101 

680 

462400 

314432000 

26.0768 

8.7937 

2.83251 

1.470.59 

2136.3 

363168 

681 

463761 

315821241 

26.0960 

8.7980 

2.83315 

1.46843 

2139.4 

364237 

682 

465124 

317214568 

26.1151 

8.8023 

2.83378 

1.46628 

2142.6 

365308 

'  683 

466489 

318611987 

26.1343 

8.8066 

2.83442 

1.46413 

2145.7 

366380 

684 

467856 

320013504 

26.1534 

8.8109 

2.83506 

1.46199 

2148.8 

367453 

685 

469225 

321419125 

26.1725 

8.8152 

2.83569 

1.4.5985 

21.52.0 

368528 

686 

470596 

322828856 

26.1916 

8.8194 

2.83632 

1.45773 

2155.1 

369605 

687 

471969 

324242703 

26.2107 

8. 8237 

2.83696 

1.45560 

21.58.3 

370684 

688 

473344 

325660672 

26.2298 

8.8280 

2.83759 

1.4.5349 

2161.4 

371764 

689 

474721 

327082769  26.2488 

8.8323 

2.83822 

1.45138 

2164.6 

372845 

690 

476100 

328509000  26.2679 

8.8366 

2.83885 

1.44928 

2167.7 

373928 

691 

477481 

329939371 

20.2869 

8.8408 

2.83948 

1.44718 

2170.8 

37.5013 

692 

478804 

331373888 

26.3059 

8.8451 

2.84011 

1.44509 

2174.0 

376099 

693 

480249 

.3.32812.557 

26.3249 

8.8493 

2.84073 

1.44300 

2177.1 

377187 

694 

481636 

334255384 

26.3439 

8.8536 

2.84136 

1.44092 

2180.3 

378276 

695 

483025 

335702375 

26.3629 

8.8578 

2.84198 

1.4.3885 

2183.4 

379367 

696 

484416 

3371.53.5.36 

26..38IS 

8.8021 

2.84261 

1.43678 

2186.5 

380459 

697 

485809 

338608873 

26.4008 

8.8663 

2.84323 

1.4.3472 

2189.7 

381553 

698 

487204 

340068392 

26.4197 

8.8706 

2.84.386 

1.43266 

2192.8 

382649 

699 

488601 

341532099 

26.4386 

8.8748 

2.84448 

1.43062 

2196.0 

383746 

38t 
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Functions  of  Numbers,  700  to  749 

:no. 

Square 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

1000 

X 

Reciprocal 

No.=Diaincter 

Circum. 

Area 

700 

490000 

343000000 

26.4575 

8.8790 

2.84510 

1.42857 

2199.1 

384845 . 

701 

491401 

344472101 

26.4764 

8.8833 

2.84572 

1.42653 

2202.3 

385945 

702 

492S04 

345948408 

26.4953 

8.8875 

2.84634 

1.42450 

2205.4 

387047 

703 

494209 

347428927 

26.5141 

8.8917 

2.84696 

1.42248 

2208.5 

388151 

704 

495616 

348913664 

26.5330 

8.8959 

2.84757 

1.42045 

2211.7 

389256 

705 

497025 

350402625 

26.5518 

8.9001 

2.84819 

1.41844 

2214.8 

390363 

706 

498436 

351895816 

26.5707 

8.9043 

2.84880 

1.41643 

2218.0 

391471 

707 

499849 

353393243 

26.. 5895 

8.9085 

2.84942 

1.41443 

2221.1 

392580 

70S 

501264 

354894912 

26.6083 

8.9127 

2.85003 

1.41243 

2224.2 

393692 

709 

502681 

356400829 

26.6271 

8.9169 

2.85065 

1.41044 

2227.4 

394805 

710 

504100 

357911000 

26.6458 

8.9211 

2.85126 

1.40845 

2230.5 

395919 

711 

505521 

359425431 

26.6646 

8.9253 

2.85187 

1.40647 

2233.7 

397035 

712 

506944 

360944128 

26.6833 

8.9295 

2.85248 

1.40449 

2236.8 

398153 

713 

508369 

362467097 

26.7021 

8.9337 

2.85309 

1.40252 

2240.0 

399272 

714 

509796 

363994344 

26.7208 

8.9378 

2.85370 

1.40056 

2243.1 

400393 

715 

511225 

365525875 

26.7395 

8.9420 

2.85431 

1.39860 

2246.2 

401515 

716 

512656 

367061696 

26.7582 

8.9462 

2.85491 

1.39665 

2249.4 

402639 

717 

5140S9 

368G01813 

26.7769 

8.9503 

2.85552 

1.39470 

2252.5 

403765 

718 

515524 

37014G232 

26.7955 

8.9545 

2.85612 

1.39276 

2255.7 

404892 

719 

516961 

371694959 

26.8142 

8.9587 

2.85673 

1.39082 

2258.8 

406020 

720 

518400 

373248000 

26.8328 

8.9628 

2.85733 

1.38889 

2261.9 

407150 

721 

519841 

374805361 

26.8514 

8.9670 

2.85794 

1.38696 

2265.1 

408282 

722 

521284 

376367048 

26.8701 

8.9711 

2.85854 

1.38504 

2268.2 

409415 

723 

522729 

377933067 

26.8887 

8.9752 

2.85914 

1.38313 

2271.4 

410550 

7^4 

524176 

379503424 

26.9072 

S.9794 

2.85974 

1.38122 

2274.5 

411687 

725 

525625 

381078125 

26.9258 

8.9835 

2.86034 

1.37931 

2277.7 

412825 

726 

527076 

382657176 

26.9444 

8.9876 

2.86094 

1.37741 

22S0.8 

413965 

727 

528529 

384240583 

26.9629 

8.9918 

2.86153 

1.37552 

2283.9 

415106 

728 

529984 

385828352 

26.9815 

8.9959 

2.86213 

1.37363 

2287.1 

416248 

729 

531441 

387420489 

27.0000 

9.0000 

2.86273 

1.37174 

2290.2 

417393 

730 

532900 

389017000 

27.0185 

9.0041 

2.86332 

1.36986 

2293.4 

418539 

731 

534361 

390617891 

27.0370 

9.0082 

2.86392 

1.36799 

2296.5 

419686 

732 

535824 

392223168 

27.0555 

9.0123 

2.86451 

1.36612 

2299.6 

420835 

733 

537289 

393832837 

27.0740 

9.0164 

2.86510 

1.36426 

2302.8 

421986 

734 

538756 

395446904 

27.0924 

9.0205 

2.86570 

1.36240 

2305.9 

423138 

735 

540225 

397065375 

27.1109 

9.0246 

2.86629 

1.36054 

2309.1 

424293 

736 

541696 

398688256 

27.1293 

9.0287 

2.86688 

1.35870 

2312.2 

425447 

737 

543169 

400315553 

27.1477 

9.0328 

2.86747 

1.35685 

2315.4 

426604 

738 

544644 

401947272 

27.1662 

9.0369 

2.86806 

1.35501 

2318.5 

427762 

•739 

546121 

403583419 

27.1846 

9.0410 

2.86864 

1.35318 

2321.6 

428922 

740 

547600 

405224000 

27.2029 

9.0450 

2.86923 

1.35135 

2324.8 

430084 

741 

549081 

406869021 

27.2213 

9.0491 

2.86982 

1.34953 

2327.9 

431247 

i  742 

550564 

408518488 

27.2397 

9.0532 

2.87040 

1.34771 

2331.1 

432412 

743 

552049 

410172407 

27.2580 

9.0572 

2.87099 

1.34590 

^3.34.2 

433578 

!  744 

553536 

411830784 

27.2764 

9.0613 

2.87157 

1.34409 

2337.3 

434746 

1  745 

555025 

413493625 

27.2947 

9.0654 

2.87216 

1.34228 

2340.5 

435916 

746 

556516 

415160936 

27.3130 

9.0694 

2.87274 

1.34048 

2343.6 

437087 

747 

558009 

416832723 

27.3313 

0.0735 

2.873.32 

1.33869 

2346.8 

438259 

748 

559504 

418508992 

27.3496 

9.0775 

2.87390 

1.33690 

2349.9 

439433 

749 

561001 

420189749 

27.3679 

9.0816 

2.87448 

1.33511 

2353.1 

440609 
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Functions  of  Numbers,  750  to  799 

No. 

Square 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

1000 

X 

Reciprocal 

No.=Diameter 

Circum. 

Area 

750 

562500 

421875000 

27.3861 

9.0856 

2.87506 

1.33333 

2356.2 

441786 

751 

564001 

423564751 

27.4044 

9.0896 

2.87564 

1.33156 

2359.3 

442905 

752 

565504 

42525900S 

27.4226 

9.0937 

2.87622 

1.32979 

2362.5 

444146 

753 

567009 

426957777 

27.4408 

9.0977 

2.87680 

1.32802 

2365.6 

44.5328 

754 

568516 

428661004 

27.4591 

9.1017 

2.87737 

1.32626 

2368.8 

446511 

755 

570025 

430368875 

27.4773 

9.1057 

2.87795 

1.32450 

2371.9 

447697 

756 

571536 

432081216 

27.4955 

9.1098 

2.S7S52 

1.32275 

2375.0 

448883 

757 

573049 

433798093 

27.5136 

9.1138 

2.87910 

1.32100 

2378.2 

450072 

758 

574564 

435519512 

27.5318 

9.1178 

2.87967 

1.31926 

2381.3 

451262 

759 

576081 

437245479 

27.5500 

9.1218 

2.88024 

1.31752 

2384.5 

452453 

760 

577600 

438976000 

27.5681 

9.1258 

2.88081 

1.31579 

2387.6 

453646 

761 

579121 

440711081 

27.5802 

9.1298 

2.88138 

1.31406 

2390.8 

454841 

762 

580644 

442450728 

27.6043 

9.1338 

2.88196 

1.31234 

2393.9 

456037 

763 

582109 

444194947 

27.6225 

9.1378 

2.88252 

1.31062 

2397.0 

457234 

•  764 

583696 

445943744 

27.6405 

9.1418 

2.88309 

1.30S90 

2400.2 

458434 

765 

585225 

447697125 

27.6586 

9. 1458 

2.88366 

1.30719 

2403.3 

459635 

766 

586756 

449455096 

27.6767 

9.1498 

2.88423 

1.30548 

2406.5 

460837 

767 

588289 

451217663 

27.6948 

9.1537 

2.88480 

1.30378 

2409.6 

462041 

768 

589824 

4529S4832 

27.7128 

9.1577 

2.88536 

1.30208 

2412.7 

463247 

769 

591361 

454756609 

27.7308 

9.1617 

2.88593 

1.30039 

2415.9 

464454 

770 

592900 

456533000 

27.7489 

9.1657 

2.88649 

1.29870 

2419.0 

465663 

771 

594441 

458314011 

27.7609 

9.1696 

2.88705 

1.29702 

2422.2 

460873 

772 

595984 

460099648 

27.7849 

9.17.36 

2.88762 

1.29534 

2425.3 

468085 

773 

597529 

461889917 

27.8029 

9.1775 

2.88818 

1.29366 

2428.5 

469298 

774 

599076 

463684824 

27.8209 

9.1815 

2.88874 

1.29199 

2431.6 

470513 

775 

000625 

465484375 

27.8388 

9.1855 

2.88930 

1.29032 

2434.7 

471730 

776 

602176 

467288576 

27.8568 

9.1894 

2.88986 

1.28866 

2437.9 

472948 

777 

603729 

469097433 

27.8747 

9.1933 

2.89042 

1.28700 

2441.0 

474168 

778 

605284 

470910952 

27.8927 

9.1973 

2.89098 

1.28535 

2444.2 

475389 

779 

606841 

472729139 

27.9106 

9.2012 

2.89154 

1.28370 

2447.3 

476612 

780 

608400 

474552000 

27.9285 

9.2052 

2.89209 

1.28205 

2450.4 

477836 

781 

609961 

476379541 

27.9464 

9.2091 

2.89265 

1.28041 

2453.6 

479062 

782 

611524 

478211768 

27.9643 

9.2130 

2.89321 

1.27877 

2456.7 

480290 

783 

613089 

480048687 

27.9821 

9.2170 

2.89376 

1.27714 

2459.9 

481519 

784 

614656 

481890304 

28.0000 

9.2209 

2.89432 

1.27551 

2463.0 

482750 

785 

616225 

483736625 

28.0179 

9.2248 

2.89487 

1.27389 

2466.2 

483982 

786 

617796 

485587656 

28.0357 

9.2287 

2.89.542 

1.27226 

2469.3 

485216 

787 

619369 

487443403 

28.0535 

9.2326 

2.89.597 

1.27005 

2472.4 

486451 

788 

620944 

489303872 

28.0713 

9.2305 

2.89653 

1.26904 

2475.6 

487688 

789 

622521 

491169069 

28.0891 

9.2404 

2.89708 

1.26743 

2478.7 

488927 

790 

624100 

493039000 

28.1069 

9.2443 

2.89763 

1.26582 

2481.9 

490167 

791 

625681 

494913671 

28.1247 

9.2482 

2.89818 

1.26422 

2485.0 

491409 

792 

627264 

496793088 

28.1425 

9.2.521 

2.89873 

1.26263 

2488.1 

492652 

793 

628849 

498677257 

28.1603 

9.2560 

2.89927 

1.26103 

2491.3 

493897 

794 

630436 

500560 1S4 

28.17S0 

0.2599 

2.89982 

1.25945 

2494.4 

495143 

795 

632025 

502450875 

28.1957 

9.26.38 

2.00037 

1.25786 

2497.6 

496391 

796 

633616 

504358330 

28.2135 

9.2677 

2.90091 

1.25628 

2500.7 

497641 

797 

635209 

506261573 

28.2312 

9.2716 

2.90146 

1.25471 

2503.8 

498892 

798 

636804 

608109592 

28.2489 

9.2754 

2.90200 

1.25313 

2507.0 

500145 

799 

638401 

510082399 

28.2666  1  9.2793 

2.90255 

1.25156 

2510.1 

501399 

389 


CARNEGIE 

STEEL 

COMPANY 

Functions  op  Ntjmbeks,  800  to  849 

No. 

Square 
Root 

Cubic 
Root 

Logarithm 

1000 

X 

Reciprocal 

No.=Diameter 

Square 

Cube 

Circum. 

Area 

800 

640000 

512000000 

28.2843 

9.2832 

2.90309 

1.26000 

2513.3 

502655 

801 

641601 

513922401 

28.3019 

9.2870 

2.90363 

1.24844 

2516.4 

503912 

802 

643204 

615849608 

28.3196 

9.2909 

2.90417 

1.24688 

2519.6 

505171 

803 

644809 

517781627 

28.3373 

9.2948 

2.90472 

1.24533 

2522.7 

606432 

804 

646416 

519718464 

28.3549 

9.2986 

2.90526 

1.24378 

2525.8 

607694 

805 

648025 

621660125 

28.3725 

9.3025 

2.90580 

1.24224 

2529.0 

608958 

806 

649636 

523606616 

28.3901 

9.3063 

2.90634 

1.24069 

2532.1 

510223 

807 

651249 

625557943 

28.4077 

9.3102 

2.90687 

1.23916 

2535.3 

611490 

808 

652864 

627514112 

2S.4253 

9.3140 

2.90741 

1.23762 

2538.4 

512758 

809 

654481 

529475129 

28.4429 

9.3179 

2.90795 

1.23609 

2541.5 

514028 

810 

656100 

531441000 

28.4605 

9..3217 

2.90849 

1.23457 

2544.7 

615300 

811 

657721 

533411731 

28.4781 

9.3255 

2.90902 

1.23305 

2547.8 

516573 

812 

659344 

535387328 

28.4956 

9.3294 

2.90956 

1.23153 

2551.0 

517848 

813 

660969 

637367797 

28.5132 

9.3332 

2.91009 

1.23001 

2554.1 

619124 

814 

662596 

639353144 

28.6307 

9.3370 

2.91062 

1.22850 

2557.3 

520402 

815 

664225 

641343375 

28.5482 

9.3408 

2.91116 

1.22699 

2560.4 

521681 

816 

665856 

543338496 

28.5657 

9.3447 

2.91169 

1.22549 

2563.5 

622962 

817 

667489 

645338513 

28.6832 

9.3485 

2.91222 

1.22399 

2566.7 

524245 

818 

669124 

647343432 

28.6007 

9.3523 

2.91275 

1.22249 

2569.8 

525529 

819 

670761 

549353259 

28.6182 

9.3561 

2.91328 

1.22100 

2573.0 

526814 

820 

672400 

561368000 

28.6356 

9.3599 

2.91381 

1.21951 

2576.1 

628102 

821 

674041 

653387661 

28.6531 

9.3637 

2.91434 

1.21803 

2579.2 

529391 

822 

675684 

555412248 

28.6705 

9.3675 

2.91487 

1.21655 

2582.4 

530681 

823 

677329 

657441767 

28.6880 

9.3713 

2.91540 

1.21507 

2585.5 

531973 

824 

678976 

559476224 

28.70.54 

9.3751 

2.91693 

1.21359 

2688.7 

533267 

825 

680625 

661515625 

28.7228 

9.3789 

2.91645 

1.21212 

2591.8 

534562 

826 

682276 

663559976 

28.7402 

9.3827 

2.91698 

1.21065 

2595.0 

535858 

827 

683929 

565609283 

28.7576 

9.3865 

2.91751 

1.20919 

2598.1 

5371.57 

828 

685584 

567663552 

28.7750 

9.3902 

2.91803 

1.20773 

2601.2 

538456 

829 

687241 

669722789 

28.7924 

9.3940 

2.91855 

1.20627 

2604.4 

539758 

830 

688900 

571787000 

28.8097 

9.3978 

2.91908 

1.20482 

2607.5 

541061 

831 

690561 

573856191 

28.8271 

9.4016 

2.91960 

1.20337 

2610.7 

542365 

832 

692224 

575930368 

28.8444 

9.4053 

2.92012 

1.20192 

2613.8 

643671 

833 

693889 

678009537 

28.8617 

9.4091 

2.92065 

1.20048 

2616.9 

644979 

834 

695556 

580093704 

28.8791 

9.4129 

2.92117 

1.19904 

2620.1 

646288 

835 

697225 

682182875 

28.8964 

9.4166 

2.92169 

1.19760 

2623.2 

647599 

836 

698896 

684277036 

28.9137 

9.4204 

2.92221 

1.19017 

2626.4 

648912 

837 

700569 

686376253 

28.9310 

9.4241 

2.92273 

1.19474 

2629.5 

650226 

838 

702244 

688480472 

28.9482 

9.4279 

2.92324 

1.19332 

2632.7 

551541 

839 

703921 

590589719 

28.9655 

9.4316 

2.92376 

1.19190 

2635.8 

652858 

840 

705600 

592704000 

28.9828 

9.4354 

2.92428 

1.19048 

2638.9 

554177 

841 

707281 

594823321 

29.0000 

9.4391 

2.92480 

1.18906 

2642.1 

655497 

842 

708964 

596947688 

29.0172 

9.4429 

2.92531 

1.18765 

2645.2 

656819 

843 

710649 

699077107 

29.0345 

9.4466 

2.92583 

1.18624 

2648.4 

558142 

844 

712336 

601211584 

29.0517 

9.4503 

2.92634 

1.18483 

2651.5 

659467 

845 

714025 

603351125 

29.0689 

9.4541 

2.92686 

1.18343 

2654.6 

660794 

846 

715716 

605495736 

29.0861 

9.4578 

2.92737 

1.18203 

2657.8 

562122 

847 

717409 

607645423 

29.1033 

9.4615 

2.92788 

1.18064 

2660.9 

563452 

848 

719104  609800192 

29.1204 

9.4652 

2.92840 

1.17925 

2664.1 

564783 

849 

720801  611960049 1  29.1376 

9.4690 

2.92891  1  1.17786  1  2667.2  1  666116 

MATHEMATICAL   TABLES 


Functions  of 

Numbers,  850  to  899 

i 

Cube 

Square 
Root 

Cubic  ^   .  , 
li^jot   Logarithm 

1000 

X 

Reciprocal 

No.= 

Diameter 

No.  '  ~ 

Square 

Circum. 

Area 

850 

722500 

614125000 

29.1548 

9.4727  2.92942 

1.17647 

2670.4 

567450 

851 

724201 

616290051 

29.1719 

9.4764  2.92993 

1.17.509 

2673.5 

568786 

852  725904 

61S470208 

29.1890 

9.4801 

2.93044 

1.17371 

2676.6 

570124 

853 

727609 

620650477 

29.2062 

9.4838 

2.93095 

1.17233 

2679.8 

571463 

854 

729316 

622835864 

29.2233 

9.4875 

2.93146 

1.17096 

2682.9 

572803 

855  731025 

625026375 

29.2404 

9.4912 

2.93197 

1.16959 

2686.1 

574146 

856  1  732736 

627222016 

29.2575 

9.4949 

2.93247 

1.16822 

2689.2 

575490 

857  i  734449 

629422793 

29.2746 

9.4986 

2.93298 

1.16686 

2692.3 

576835 

858  1  736164 

631628712 

29.2916 

9.5023 

2.93349 

1.16550 

2695.5 

578182 

859  1  737881 

633839779 

29.3087 

9.5060  1  2.93399 

r.l6414 

2698.6 

579530 

860  !  739600 

636056000 

29.3258 

9.5097  ;  2.93450 

1.16279 

2701.8 

530880 

861  1  741321 

638277381 

29.3428 

9.5134  i  2.93500 

1.16144 

2704.9 

582232 

862  i  743044 

640503928 

29.3598 

9.5171 

2.93551 

1.16009 

2708.1 

583585 

863  1  744769 

642735647 

29.3769 

9..5207 

2.93601 

1.15875 

2711.2 

584940 

864 

746496 

644972544 

29.3939 

9.5244 

2.93651 

1.15741 

2714.3 

686297 

865 

748225 

647214625 

29.4109 

9.5281 

2.93702 

1.15607 

2717.5 

587655 

866 

749956 

649461896 

29.4279 

9.5317 

2.93752 

1.15473 

2720.6 

589014 

867 

751689 

651714363 

29.4449 

9.5354 

2.93802 

1.15340 

2723.8 

590375 

868  1  753424 

653972032 

29.4618 

9.5391  !  2.9.38.52 

1.1.5207 

2726.9 

591738 

869  1  755161 

656234909 

29.4788 

9.5427 

2.93902 

1.15075 

2730.0 

593102 

870 

756900 

658503000 

29.4958 

9.5464 

2.93952 

1.14943 

2733.2 

594468 

871 

758641 

660776311 

29.5127 

9.5501 

2.94002 

1.14811 

2736.3 

59.5835 

872 

760384 

663054848 

29.5296 

9.5537  1  2.94052 

1.14679 

2739.5 

597204 

873 

762129 

665338617 

29.5466 

9.5.574 

2.94101 

1.14548 

2742.6 

598575 

874 

763876 

667627624 

29.5635 

9.5610 

2.94151 

1.14416 

2745.8 

599947 

875 

765625 

669921875 

29.5804 

9.5647 

2.94201 

1.14286 

2748.9 

601320 

876 

767376 

672221376 

29.5973 

9.5683 

2.94250 

1.14155 

2752.0 

602696 

877 

769129 

674526133 

29.6142 

9.5719 

2.94300 

1.14025 

2755.2 

604073 

878 

770884 

676836152 

29.6311 

9.5756 

2.94.349 

1.13895 

2758.3 

605451 

879 

772641 

679151439 

29.6479 

9.5792 

2.94399 

1.13766 

2761.5 

606831 

880 

774400 

681472000 

29.6648 

9.5828  2.94448 

1.13636 

2764.6 

608212 

881 

776161 

683797841 

29.6816 

9..5865  2.94498 

1.13.507 

2767.7 

609595 

882 

777924 

686128968 

29.6985 

9.5901  2.94547 

1.1.3.379 

2770.9 

610980 

883 

779689 

688465387 

29.7153 

9..3937  j  2.94596 

1.13250 

2774.0 

612366 

884 

781456 

690807104 

29.7.321 

9.5973  2.94645 

1.13122 

2777.2 

613754 

885 

783225 

093154125 

29.7489 

9.6010  2.94694 

1.12994 

2780.3 

615143 

886 

784996 

695506456 

29.7658 

9.6046  2.94743 

1.12867 

2783.5 

616534 

887 

786769 

697864103 

29.7825 

9.6082  2.94792 

1.12740 

2786.6 

617927 

888 

788544 

700227072 

29.7993 

9.6118 

2.94841 

1.12613 

2789.7 

619321 

889 

790321 

702595369 

29.8161 

8.6154 

2.94890 

1.12486 

2792.9 

620717 

890 

792100 

704969000 

29.8329 

9.6190 

2.94939 

1.12360 

2796.0 

022114 

891 

793881 

707347971 

29.8496 

9.6226  j  2.94988 

1.12233 

2799.2 

C23513 

892 

795664 

709732288 

29.8664 

9.6262  2.95036 

1.12108 

2802.3 

624913 

893 

797449 

712121957 

29.8831 

9.6298  2.95085 

1.11982 

2805.4 

626315 

894 

799236 

714516984 

29.8998 

9.6334  2.95134 

1.11857 

2808.6 

627718 

895  i  801025 

716917375 

29.9166 

9.6370  1  2.95182 

1.11732 

2811.7 

629124 

896  i  8028 16 

719323136 

29.9333 

9.6406  2.95231 

1.11607 

2814.9 

630530 

897  1  804609 

721734273 

29.9500 

9.6442 

2.95279 

1.11483 

2818.0 

631938 

898  1  806404 

724150792 

29.9666 

9.6477 

2.95328 

1.11359 

2821.2 

633348 

899  ;  808201 

726572699 

29.9833 

9.6513 

2.95376 

1.11235 

2824.3 

634700 

CARNEGIE 

STEEL 

COMPANY 

Functions  of  Numbers,  900  to  949 

No. 

Square 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm 

1000 

X 

Reciprocal 

No.=;Diameter 

Circum.   Area 

900 

810000 

729000000 

30.0000 

9.6549 

2.95424 

1.11111 

2827.4 

636173 

901 

811801 

731432701 

30.0167 

9.6585 

2.95472 

1.10988 

2830.6 

637587 

902 

813604 

733870808 

30.0333 

9.6620 

2.95521 

1.10865 

2833.7 

639003 

903 

815409 

736314327 

30.0500 

9.6656 

2.95569 

1.10742 

2836.9 

640421 

904 

817216 

738763264 

30.0666 

9.6692 

2.95617 

1.10619 

2840.0 

641840 

905 

819025 

741217625 

30.0832 

9.6727 

2.95665 

1.10497 

2843.1 

643261 

906 

820836 

743677416 

30.0998 

9.6763 

2.95713 

1.10375 

2846.3 

644683 

907 

822649 

746142643 

30.1164 

9.6799 

2.95761 

1.10254 

2849.4 

646107 

908 

824464 

748613312 

30.1330 

9.6834 

2.95809 

1.10132 

2852.6 

647533 

909 

826281 

751089429 

30.1496 

9.6870 

2.95856 

1.10011 

2855.7 

648960 

910 

828100 

753571000 

30.1662 

9.6905 

2.95904 

1.09890 

2858.8 

650388 

911 

829921 

756058031 

30.1828 

9.6941 

2.95952 

1.09769 

2862.0 

651818 

912 

831744 

758550528 

30.1993 

9.6976 

2.95999 

1.09649 

2865.1 

653250 

913 

833569 

761048497 

30.2159 

9.7012 

2.96047 

1.09529 

2868.3 

654684 

914 

835396 

763551944 

30.2324 

9.7047 

2.96095 

1.09409 

2871.4 

656118 

915 

837225 

766060875 

30.2490 

9.7082 

2.96142 

1.09290 

2874.6 

657555 

916 

839056 

768575296 

30.2655 

9.7118 

2.96190 

1.09170 

2877.7 

658993 

917 

840889 

771095213 

30.2820 

9.7153 

2.96237 

1.09051 

2S80.8 

660433 

918 

842724 

773620632 

30.2985 

9.7188 

2.96284 

1.08932 

2884.0 

661874 

919 

844561 

776151559 

30.3150 

9.7224 

2.96332 

1.08814 

2887.1 

663317 

920 

846400 

778688000 

30.3315 

9.7259 

2.96379 

1.08696 

2890.3 

664761 

921 

848241 

781229961 

30.3480 

9.7294 

2.96426 

1.08578 

2893.4 

666207 

922 

850084 

783777448 

30.3645 

9.7329 

2.96473 

1.08460 

2896.5 

667654 

923 

851929 

786330467 

30.3809 

9.7364 

2.96520 

1.08342 

2899.7 

669103 

924 

853776 

788889024 

30.3974 

9.7400 

2.96567 

1.08225 

2902.8 

670554 

925 

855625 

791453125 

30.4138 

9.7435 

2.96614 

1.08108 

2906.0 

672006 

926 

857476 

794022776 

30.4302 

9.7470 

2.96661 

1.07991 

2909.1 

673460 

927 

859329 

796597983 

30.4467 

9.7505 

2.96708 

1.07875 

2912.3 

674915 

928 

861184 

799178752 

30.4631 

9.7540 

2.96755 

1.07759 

2915.4 

676372 

929 

863041 

801765089 

30.4795 

9.7575 

2.96802 

1.07643 

2918.5 

677831 

930 

864900 

804357000 

30.4959 

9.7610 

2.96848 

1.07527 

2921.7 

679291 

931 

866761 

806954491 

30.5123 

9.7645 

2.96895 

1.07411 

2924.8 

680752 

932 

868624 

809557568 

30.5287 

9.7680 

2.96942 

.1.07296 

2928.0 

682216 

933 

870489 

812166237 

30.5450 

9.7715 

2.96988 

1.07181 

2931.1 

683680 

934 

872356 

814780504 

30.5614 

9.7750 

2.97035 

1.07060 

2934.2 

685147 

935 

874225 

817400375 

30.5778 

9.7785 

2.97081 

1.06952 

2937.4 

686615 

936 

876096 

820025856 

30.5941 

9.7819 

2.97128 

1.06838 

2940.5 

688084 

937 

877969 

822656953 

30.6105 

9.7854 

2.97174 

1.00724 

2943.7 

689555 

938 

879844 

825293872 

30.6268 

9.7889 

2.97220 

1.06610 

2946.8 

691028 

939 

881721 

827936019 

30.6431 

9.7924 

2.97267 

1.06496 

2950.0 

692502 

940 

883600 

830584000 

30.6594 

9.7959 

2.97313 

1.06383 

2953.1 

693978 

941 

885481 

833237621 

30.6757 

9.7993 

2.97359 

1.06270 

2956.2 

695455 

942 

887364 

835896888 

30.6920 

9.8028 

2.97405 

1.06157 

2959.4 

696934 

943 

889249 

838561807 

30.7083 

9.8063 

2.97451 

1.06045 

2962.5 

698415 

944 

891136 

841232384 

30.7246 

9.8097 

2.97497 

1.05932 

2965.7 

699897 

945 

893025 

843908625 

30.7409 

9.8132 

2.97543 

1.05820 

2968.8 

701380 

946 

894916 

846590536 

30.7571 

9.8167 

2.97589 

1.05708 

2971.9 

702865 

947 

896809 

849278123 

30.7734 

9.8201 

2.97635 

1.05597 

2975.1 

704352 

948 

898704 

851971392 

30.7896 

9.8236 

2.97681 

1.05485 

2978.2 

705840 

949 

900601 

854670349 

30.8058 

9.8270 

2.97727 

1.05374 

2981.4 

707330 
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Functions  of  Numbers,  950  to  999 

1000 

No.  =  Diameter 

No. 

Square 

Cube 

Square 
Root 

Cubic 
Root 

Logarithm    x 

Reciprocal 

Circum. 

Area 

950 

902500 

857375000 

30.8221 

9.8305 

2.97772 

1.05263 

2984.5 

708822 

951 

904401 

860085351 

30.8383 

9.8339 

2.97818 

1.05152 

2987.7 

710315 

952 

906304 

862801408 

30.8545 

9.8374 

2.97864 

1.05042 

2990.8 

711809 

953 

908209 

865523177 

30.8707 

9.8408 

2.97909 

1.04932 

2993.9 

713306 

954 

910116 

868250664 

30.8869 

9.8443 

2.97955 

1.04822 

2997.1 

714803 

955 

912025 

870983875 

.30.9031 

9.8477 

2.98000 

1.04712 

3000.2 

716.303 

956 

913936 

873722816 

30.9192 

9.8511 

2.98046 

1.04603 

3003.4 

717804 

957 

915849 

876467493 

30.9354 

9.8546 

2.98091 

1.04493 

3000.5 

719306 

958 

917764 

879217912 

30.9516 

9.8580 

2.98137 

1.04384 

3009.6 

720810 

959 

919681 

881974079 

30.9677 

9.8614 

2.98182 

1.04275 

3012.8 

722316 

960 

921600 

884736000 

30.9839 

9.8648 

2.98227 

1.04167 

3015.9 

723823 

961 

923521 

887503681 

31.0000 

9.8683 

2.98272 

1.04058 

3019.1 

725332 

962 

925444 

890277128 

31.0161 

9.8717 

2.98318 

1.03950 

3022.2 

726842 

963 

927369 

893056347 

31.0322 

9.8751 

2.98363 

1.03842 

3025.4 

728354 

964 

929296 

895841344 

31.0483 

9.8785 

2.98408 

1.03734 

3028.5 

729867 

965 

931225 

898632125 

31.0644 

9.8819 

2.98453 

1.03627 

3031.6 

731382 

966 

933156 

901428696 

31.0805 

9.8854 

2.98498 

1.03520 

3034.8 

732899 

967 

935089 

904231063 

31.0966 

9.8888 

2.98543 

1.03413 

3037.9 

734417 

968 

937024 

907039232 

31.1127 

9.8922 

2.98588 

1.03300 

3041.1 

735937 

969 

938961 

909853209 

31.1288 

9.8956 

2.98632 

1.03199 

3044.2 

737458 

970 

940900 

912673000 

31.1448 

9.8990 

2.98677 

1.03093 

3047.3 

738981 

971 

942841 

915498611 

31.1609 

9.9024 

2.98722 

1.02987 

3050.5 

740506 

972 

944784 

918330048 

31.1769 

9.9058 

2.98767 

1.02881 

30.53.6 

742032 

973 

946729  1  921167317 

31.1929 

9.9092 

2.98811 

1.02775 

30.56.8 

743559 

974 

948676 

924010424 

31.2090 

9.9120 

2.98856 

1.02669 

3059.9 

745088 

975 

950625 

926859375 

31.2250 

9.9160 

2.98900 

1.02564 

3063.1 

746619 

976 

952570 

929714176 

31.2410 

9.9194 

2.98945 

1.02459 

3066.2 

748151 

977 

954529 

932574833 

31.2570 

9.9227 

2.98989 

1.02354 

3069.3 

749685 

978 

956484 

935441352 

31.2730 

9.9261 

2.990.34 

1.02249 

3072.5 

751221 

979 

958441 

938313739 

31.2890 

9.9295 

2.99078 

1.02145 

3075.6 

752758 

980 

960400 

941192000 

31.30.50 

9.9329 

2.99123 

1.02041 

3078.8 

754296 

981 

962301 

944076141 

31.3209 

9.9363 

2.99167 

1.01937 

.3081.9 

755837 

982  '  964324 

946966168 

31.3369 

9.9396 

2.99211 

1.01833 

3085.0 

757378 

9S3  966289 

949862087 

31..3.528 

9.9430 

2.99255 

1.01729 

3088.2 

758922 

0S4  908256 

952703904 

31.3688 

9.9404 

2.99300 

1.01620 

3091.3 

760466 

985  070225 

955671625 

31.3847 

9.9497 

2.99344 

1.01523 

3094.5 

762013 

986  1  972196 

958585256 

31.4006 

9.9531 

2.99388 

1.01420 

3097.0 

763561 

987  1 974169 

961504803  31.4166 

9.9565 

2.99432 

1.01317 

3100.8 

765111 

988  1  976144 

964430272  31.4325 

9.9598 

2.99470 

1.01215 

3103.9 

766662 

989  ■  978121 

967361669  31.4484 

9.9632 

2.99520 

1.01112 

3107.0 

768214 

990  980100 

970299000  31.4643 

9.9660 

2.99564 

1.01010 

3110.2 

769769 

991  :  982081 

073242271  31.4802 

9.9699 

2.99607 

1.00908 

3113.3 

771325 

992  ;  984004 

976191488  31.4960 

9.9733 

2.99051 

1.00800 

3110.5 

772882 

993  986049 

9791466.57  31.5119 

9.9760 

2.99695 

1.00705 

3119.0 

774441 

994  1  988036 

982107784  31. .5278 

9.9800 

2.99739 

1.00604 

3122.7 

776002 

995  i  990025 

985074875  31.5436 

9.9833 

2.99782 

1.00503 

3125.9 

777.564 

996  j  992016 

9880479.36  31.5.595 

9.9866 

2.99826 

1.00402 

3129.0 

779128 

997  1  994009 

991026973  31. .57.53 

9.9900 

2.99870 

1.00.301 

3132.2 

780693 

998  990004 

994011992  31  6911 

9.9933 

2.99913 

1.00200 

3135.3 

782260 

999  998001 

997002999 |  31.6070 

9.9967 

2.99957  1  I.OOICO 

3138.5 

783828 
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Q 

SINES 

1 

0' 

10' 

20'      30' 

40' 

50'      60' 

0 

0.00000 

0.00291 

0.00582 

0.00873 

0.01164 

0.01454  0.01745 

89 

1 

0.01745 

0.02036 

0.02327 

0.02618 

0.02908 

0.03199  0.03490 

88 

2 

0.03490 

0.03781 

0.04071 

0.04362 

0.04653 

0.04943 

0.0.5234 

87 

3 

0.05234 

0.05524 

0.0.5814 

0.06105 

0.06395 

0.06685 

0.06976 

86 

4 

0.06976 

0.07266 

0.07556 

0.07846 

0.08136 

0.08426 

0.08716 

85 

5 

0.08716 

0.09005 

0.09295 

0.09585 

0.09874 

0.10164 

0.10453 

84 

6 

0.10453 

0.10742 

0.11031 

0.11320 

0.11609 

0.11898 

0.12187 

83 

7 

0.12187 

0.12476 

0.12764 

0.13053 

0.13341 

0.13629 

0.13917 

82 

'      8 

0.13917 

0.14205 

0.14493 

0.14781 

0.15069 

0.15356 

0.15643 

81 

9 

0.15643 

0.15931 

0.16218 

0.16505 

0.16792 

0.17078 

0.17365 

80 

10 

0.17365 

0.17651 

0.17937 

0.18224 

0.18509 

0.18795 

0.19081 

79 

11 

0.19081 

0.19366 

0.19652 

0.19937 

0.20222 

0.20507 

0.20791 

78 

12 

0.20791 

0.21076 

0.21360 

0.21644 

0.21928 

0.22212 

0.22495 

77 

13 

0.22495 

0.22778 

0.23062 

0.23345 

0.23627 

0.23910 

0.24192 

76 

14 

0.24192 

0.24474 

0.24756 

0.25038 

0.25320 

0.25601 

0.25882 

75 

15 

0.25882 

0.26163 

0.26443 

0.26724 

0.27004 

0.27284 

0.27564 

74 

16 

0.27564 

0.27843 

0.28123 

0.28402 

0.28680 

0.28959 

0.29237 

78 

17 

0.29237 

0.29515 

0.29793 

0.30071 

0.30348 

0.30625 

0.30902 

72 

18 

0.30902 

0.31178 

0.31454 

0.31730 

0.32006 

0.32282 

0.32557 

71 

19 

0.32557 

0.32832 

0.33106 

0.33381 

0.33655 

0.33929 

0.34202 

70 

20 

0.34202 

0.34475 

0.34748 

0.35021 

0.35293 

0.35565 

0.35837 

69 

21 

0.35837 

0.36108 

0.36379 

0.36650 

0.36921 

0.37191 

0.37461 

68 

22 

0.37461 

0.37730 

0.37999 

0.38268 

0.38537 

0.38805 

0.39073 

67 

23 

0.39073 

0.39341 

0.39608 

0.39875 

0.40142 

0.40408 

0.40674 

66 

24 

0.40674 

0.40939 

0.41204 

0.41469 

0.41734 

0.41998  0.42262 

65 

25 

0.42262 

0.42525 

0.42788 

0.43051 

0.43313 

0.43575  0.43837 

64 

26 

0.43837 

0.44098 

0.44359 

0.44620 

0.44880 

0.45140 

0.45399 

63 

27 

0.45399 

0.45658 

0.4.5917 

0.46175 

0.46433 

0.46690 

0.46947 

62 

28 

0.46947 

0.47204 

0.47460 

0.47716 

0.47971 

0.48226 

0.48481 

61 

29 

0.48481 

0.48735 

0.48989 

0.49242 

0.49495 

0.49748 

0.50000 

60 

30 

0.50000 

0.50252 

0.50503 

0.50754 

0.51004 

0.51254 

0.51504 

59 

31 

0.51504 

0.51753 

0.52002 

0.. 52250 

0.52498 

0.52745 

0.52992 

58 

32 

0.52992 

0.53238 

0.5.3484 

0.53730 

0.53975 

0.54220 

0.54464 

57 

:   33 

0.54464 

0.54708 

0.54951 

0.55194 

0.55436 

0.55G7S 

0.55919 

56 

34 

0.55919 

0.56160 

0.56401 

0.5G641 

0.56880 

0.57119 

0.57358 

55 

35 

0.57358 

0.57596 

0.57833 

0.58070 

0.58307 

0.58543 

0.58779 

54 

36 

0.58779 

0.59014 

0.59248 

0.59482 

0.59716 

0.59949 

0.00182 

53 

37 

0.60182 

0.60414 

0.60645 

0.60876 

0.61107 

0.61337 

0.61566 

52 

38 

0.61566 

0.61795 

0.62024 

0.62251 

0.62479 

0.62706 

0.62932 

51 

39 

0.62932 

0.63158 

0.63383 

0.63608 

0.63832 

0.64056 

0.64279 

50 

40 

0.64279 

0.64501 

0.64723 

0.64945 

0.65166 

0.65386 

0.65606 

49 

41 

0.6560G 

0.65825 

0.66044 

0.66262 

0.66480 

0.66697 

0.66913 

48 

42 

0.66913 

0.67129 

0.67344 

0.67569 

0.67773 

0.67987 

0.68200 

47 

43 

0.68200 

0.68412 

0.68624 

0.68835 

0.69046 

0.69256 

0.69466 

46 

44 

0.69466 

0.69675 

0.69883 

0.70091 

0.70298 

0.70505 

0.70711 

45 

1 
in 

60'      50' 

40' 

30' 

20' 

10' 

0' 

1 
1 
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MATHEMATICAL  TABLES 


Natural  Trigonometric  Functions        i 

i 

COSINES 

i 
in 

0'      10' 

20' 

30' 

40' 

50' 

60' 

1 

0 

1.00000  1  1.00000 

0.99998 

0.99996 

0.99993 

0.99989 

0.99985 

89 

I 

0.99985 

0.99979 

0.99973 

0.99966 

0.999,58 

0.99949 

0.99939 

88 

2 

0.99939 

0.99929 

0.99917 

0.99905 

0.99892 

0.99878 

0.99863 

87 

3 

0.99863 

0.99847 

0.99831 

0.99813 

0.99795 

0.99776 

0.99756 

86 

4 

0.99756 

0.99736 

0.99714 

0.99692 

0.99668 

0.99644 

0.99619 

85 

5 

0.99619 

0.99594 

0.99567 

0.99540 

0.99511 

0.99482 

0.99452 

84 

6 

0.99452 

0.99421 

0.99390 

0.99357 

0.99324 

0.99290 

0.99255 

83 

7 

0.99255 

0.99219 

0.99182 

0.99144 

0.99106 

0.99067 

0.99027 

82 

8 

0.99027 

0.98986 

0.98944 

0.98902 

0.98858 

0.98814 

0.98769 

81 

9 

0.98769 

0.98723 

0.98676 

0.98629 

0.98580 

0.98531 

0.98481 

80 

10 

0.98481 

0.98430 

0.98378 

0.98325 

0.98272 

0.98218 

0.98163 

79 

11 

0.98163 

0.98107 

0.98050 

0.97992 

0.97934 

0.97875 

0.97815 

78 

12 

0.97815 

0.97754 

0.97692 

0.97630 

0.97566 

0.97502 

0.97437 

77 

13 

0.97437 

0.97371 

0.97304 

0.97237 

0.97169 

0.97100 

0.97030 

76 

14 

0.97030 

0.96959 

0.96887 

0.96815 

0.96742 

0.96667 

0.96593 

75 

15 

0.96.593 

0.96517 

0.96440 

0.96363 

0.96285 

0.96206 

0.96126 

74 

16 

0.96126 

0.96046 

0.95964 

0.95882 

0.95799 

0.95715 

0.95630 

73 

17 

0.95630 

0.9.5545 

0.95459 

0.95372 

0.95284 

0.95195 

0.95106 

72 

18 

0.95106 

0.95015 

0.94924 

0.94,832 

0.94740 

0.94646 

0.94552 

71 

19 

0.94552 

0.94457 

0.94361 

0.94264 

0.94167 

0.94068 

0.93969 

70 

20 

0.93969 

0.93869 

0.93769 

0.93667 

0.93565 

0.93462 

0.93358 

69 

21 

0.9.3358 

0.93253 

0.93148 

0.93042 

0.92935 

0.92827 

0.92718 

68 

22 

0.92718 

0.92609 

0.92499 

0.92388 

0.92276 

0.92164 

0.92050 

67 

23 

0.92050 

0.91936 

0.91822 

0.91706 

0.91590 

0.91472 

0.91355 

66 

24 

0.91355 

0.91236 

0.91116 

0.90996 

0.90875 

0.90733 

0.90631 

65 

25 

0.90631 

0.90.507 

0.90383 

0.90259 

0.90133 

0.90007 

0.89879 

64 

26 

0.89879 

0.89752 

0.89623 

0.S9493 

0.89363 

0.89232 

0.89101 

63 

27 

0.89101 

0.88968 

0.88835 

0.88701 

0.8,S566 

0.88431 

0.88295 

62 

28 

0.88295 

0.881.58 

0.88020 

0.87882 

0.87743 

0.87603 

0.87462 

61 

29 

0.87462 

0.87321 

0.87178 

0.87036 

0.86892 

0.86748 

0.86603 

60 

30 

0.86603 

0.86457 

0.86310 

0.86163 

0.86015 

0.85866 

0.85717 

59 

31 

0.85717 

0.85567 

0.85416 

0.85264 

0.85112 

0.84959 

0.84805 

58 

32 

0.84805 

0.84650 

0.84495 

0.84339 

0.84182 

0.84025 

0.8.3867 

57 

33 

0.83867 

0.83708 

0.83549 

0.83389 

0.83228 

0.83066 

0.82904 

56 

34 

0.82904 

0.82741 

0.82577 

0.82413 

0.82248 

0.82082 

0.81915 

55   . 

35 

0.81915 

0.81748 

0.81580 

0.81412 

0.81242 

0.81072 

0.80902 

54 

36 

0.80902 

0.80730 

0.805.58 

0.80386 

0.80212 

0.80038 

0.79804 

53 

37 

0.79864 

0.79688 

0.79512 

0.79335 

0.791.58 

0.78980 

0.78801 

52 

38 

0.78801 

0.78622 

0.78442 

0.78261 

0.78079 

0.77897 

0.77715 

51 

39 

0.77715 

0.77531 

0.77347 

0.77162 

0.76977 

0.76791 

0.76604 

50 

40 

0.76604 

0.76417 

0.76229 

0.76041 

0.75851 

0.75661 

0.75471 

49 

41 

0.75471 

0.75280 

0.75088 

0.74896 

0.74703 

0.74509 

0.74314 

48 

42 

0.74314 

0.74120 

0.73924 

0.73728 

0.73.531 

0.73333 

0.73135 

47 

43 

0.73135 

0.72937 

0.72737 

0.72537 

0.72337 

0.72136 

0.719.34 

46 

44 

0.71934 

0.71732 

0.71529 

0.71325 

0.71121 

0.70916 

0.70711 

45 

1 
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60' 

50' 

40' 

1 

30'   1   20'   1 

1       1 
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1 
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00 

TANGENTS 

.a 
a 

1 

0' 

10' 

20' 

30' 

40' 

50' 

60' 

0 

0.00000 

0.00291 

0.00582 

0.00873 

0.01164 

0.01455 

0.01746 

89 

1 

0.01746 

0.02036 

0.02328 

0.02619 

0.02910 

0.03201 

0.03492 

88 

2 

0.03492 

0.03783 

0.04075 

0.04366 

0.04658 

0.04949 

0.05241 

87 

3 

0.05241 

0.05533 

0.05824 

0.06116 

0.06408 

0.06700 

0.06993 

86 

4 

0.06993 

0.07285 

0.07578 

0.07870 

0.08163 

0.08456 

0.08749 

85 

5 

0.08749 

0.09042 

0.09335 

0.09629 

0.09923 

0.10216 

0.10510 

84 

6 

0.10510 

0.10805 

0.11099 

0.11394 

0.11688 

0.11983 

0.12278 

83 

7 

0.12278 

0.12574 

0.12869 

0.13165 

0.13461 

0.13758 

0.14054 

82 

8 

0.14054 

0.14351 

0.14648 

0.14945 

0.15243 

0.15540 

0.15838 

81 

9 

0.15838 

0.16137 

0.16435 

0.16734 

0.17033 

0.17333 

0.17633 

80 

10 

0.17633 

0.17933 

0.18233 

0.18534 

0.18835 

0.19136 

0.19438 

79 

11 

0.19438 

0.19740 

0.20042 

0.20345 

0.20648 

0.20952 

0.21256 

78 

12 

0.21256 

0.21560 

0.21864 

0.22169 

0.22475 

0.22781 

0.23087 

77 

13 

0.23087 

0.23393 

0.23700 

0.24008 

0.24316 

0.24624 

0.24933 

76 

14 

0.24933 

0.25242 

0.25552 

0.25862 

0.26172 

0.26483 

0.26795 

75 

15 

0.26795 

0.27107 

0.27419 

0.27732 

0.28046 

0.28360 

0.28675 

74 

16 

0.28675 

0.28990 

0.29305 

0.29621 

0.29938 

0.30255 

0.30573 

73 

17 

0.30573 

0.30891 

0.31210 

0.31530 

0.31850 

0.32171 

0.32492 

72 

18 

0.32492 

0.32814 

0.33136 

0.33460 

0.33783 

0.34108 

0.34433 

71 

19 

0.34433 

0.34758 

0.35085 

0.35412 

0.35740 

0.36068 

0.36397 

70 

20 

0.36397 

0.36727 

0.37057 

0.37388 

0.37720 

0.38053 

0.38380 

69 

21 

0.3S386 

0.38721 

0.39055 

0.39391 

0.39727 

0.40065 

0.40403 

68 

22 

0.40403 

0.40741 

0.41081 

0.41421 

0.41763 

0.42105 

0.42447 

67 

23 

0.42447 

0.42791 

0.43136 

0.434S1 

0.43S28 

0.44175 

0.44523 

66 

24 

0.44523 

0.44S72 

0.45222 

0.45573 

0.45924 

0.46277 

0.46631 

65 

25 

0.46631 

0.46985 

0.47341 

0.47698 

0.48055 

0.48414 

0.48773 

64 

26 

0.48773 

0.49134 

0.49495 

0.49858 

0.50222 

0.50587 

0.50953 

63 

27 

0.50953 

0.51320 

0.51688 

0.52057 

0.52427 

0.52798 

0.53171 

62 

28 

0.53171 

0.53.545 

0.53920 

0.54296 

0.54074 

0.55051 

0.55431 

61 

29 

0.55431 

0.55812 

0.56194 

0.56577 

0.56962 

0.57348 

0.57735 

60 

30 

0.57735 

0.58124 

0.58513 

0.58905 

0.59297 

0.59691 

0.6008G 

59 

31 

0.60086 

0.60483 

0.60881 

0.61280 

0.61681 

0.620S3 

0.62487 

58 

32 

0.62487 

0.62S92 

0.63299 

0.63707 

0.64117 

0.64528 

0.64941 

57 

33 

0.64941 

0.65355 

0.65771 

0.66189 

0.66608 

0.67028 

0.67451 

56 

.   34 

0.67451 

0.67875 

0.68301 

0.68728 

0.69157 

0.69588 

0.70021 

55 

35 

0.70021 

0.70455 

0.70891 

0.71329 

0.71769 

0.72211 

0.72654 

54 

36 

0.72654 

0.73100 

0.73547 

0.73990 

0.74447 

0.74900 

0.75355 

53 

37 

0.75355 

0.75812 

0.76272 

0.76733 

0.77196 

0.77061 

0.78129 

52 

38 

0.78129 

0.78598 

0.79070 

0.79544 

0.80020 

0.S049S 

0.80978 

51 

39 

0.80978 

0.81461 

0.81946 

0.82434 

0.82923 

0.83415 

0.83910 

50 

40 

0.83910 

0.84407 

0.84900 

0.S540S 

0.85912 

0.86419 

0.86929 

49 

41 

0.86929 

0.87441 

0.87955 

0.88473 

0.8S992 

0.89515 

0.90040 

48 

42 

0.90040 

0.90569 

0.91099 

0.91633 

0.92170 

0.92709 

0.93252 

47 

43 

0.93252 

0.93797 

0.94345 

0.94890 

0.95451 

0.96008 

0.96569 

46 

44 

0.96569 

0.97133 

0.97700 

0.98270 

0.98843 

0.99420 

1.00000 

45 

c 

e2 

60' 

50' 

40' 

30' 

20' 

10' 

0' 

1 

COTANGENTS 

1 

396 


MATHEMATICAL 

TABLES 

Natural  Trigonometric  Functions 

Q 

COTANGENTS 

1 

0' 

10' 

20' 

30' 

40' 

50' 

60' 

0 

00 

1        1        1       1       1 
343.77371171.88540114.58865  85.93979  68.75009  57.28996 

89 

1 

57.28996 

49.10388 

42.96408 

38.18840  34.36777 

31.24158  28.63625 

88- 

2 

28.63625 

26.43160 

24.54176 

22.90377 

21.4704020.205.55 

19.08114 

87 

3 

19.08114 

18.07498 

17.169.34 

16.34986  15.60478  14.92442 

14.30067 

86- 

4 

14.30067 

13.72674 

13.19688 

12.70621 

12.25051 

11.82617 

11.43005 

85- 

5 

11.43005 

11.05943 

10.71191 

10.38540 

10.07803 

9.78817 

9.51436 

84 

6 

9.51436 

9.25530 

9.00983 

8.77689 

8.5555.5 

8..34496 

8.14435 

83 

7 

8.14435 

7.95302 

7.77035 

7.59575 

7.42871 

7.26873 

7.11537 

82 

8 

7.11537 

6.96823 

6.82694 

6.69116 

6.56055 

6.43484 

6.31375 

81 

9 

6.31375 

6.19703 

6.08444 

5.97576 

5.87080 

5.76937 

5.67128 

80 

10 

5.67128 

6.57638 

5.48451 

5.395.52 

5..30928 

5.22.566 

5.14455 

79 

11 

5.14455 

6.065S4 

4.98940 

4.91510 

4.84300 

4.77286 

4.70463 

78 

12 

4.70463 

4.63825 

4.57363 

4.51071 

4.44942 

4.38969 

4.33148 

77 

13 

4.33148 

4.27471 

4.21933 

4.16530 

4.112.56 

4.06107 

4.01078 

76 

14 

4.01078 

3.96165 

3.91364 

3.86671 

3.82083 

3.77595 

3.73205 

75 

15 

3.73205 

3.68909 

3.64705 

3.60588 

3.56557 

3.52609 

3.48741 

74   . 

16 

3.48741 

3.44951 

3.41236 

3.37594 

3.34023 

3.30521 

3.27085 

73 

17 

3.27085 

3.23714 

3.20406 

3.17159 

3.13972 

3.10842 

3.07768 

72 

18 

3.07768 

3.04749 

3.01783 

2.98869 

2.96004 

2.93189 

2.90421 

71 

19 

2.90421 

2.87700 

2.85023 

2.82391 

2.79802 

2.77254 

2.74748 

70 

20 

2.74748 

2.72281 

2.698.53 

2.67462 

2.65109 

2.62791 

2.60509 

69 

21 

2.60509 

2.58261 

2.56046 

2.53865 

2.51715 

2.49597 

2.47509 

68 

22 

2.47509 

2.45451 

2.43422 

2.41421 

2.39449 

2.37504 

2.35585 

67 

23 

2..35585 

2.33693 

2.31826 

2.29984 

2.28167 

2.26374 

2.24604 

66 

24 

2.24604 

2.22857 

2.21132 

2.19430 

2.17749 

2.16090 

2.14451 

65 

25 

2.14451 

2.12832 

2.11233 

2.096,54 

2.08094 

2.06553 

2.05030 

64 

26 

2.05030 

2.03526 

2.02039 

2.00569 

1.99116 

1.97680 

1.96261 

63 

27 

1.96261 

1.948.58 

1.93470 

1.92098 

1.90741 

1.89400 

1.88073 

62 

28 

1.88073 

1.86760 

1.85462 

1.84177 

1.82907 

1.81fi49 

1.80405 

61 

29 

1.80405 

1.79174 

1.77955 

1.76749 

1.75556 

1.74375 

1.73205 

60 

30 

1.73205 

1.72047 

1.70901 

1.69766 

1.68643 

1.67.530 

1.66428 

59 

31 

1.66428 

1.65337 

1.64256 

1.63185 

1.62125 

1.61074 

1.60033 

58 

32 

1.60033 

1.59002 

1..57981 

1.56969 

1.55966 

1.. 54972 

1.53987 

57 

33 

1.53987 

1.. 5.30  JO 

1.52043 

1.51084 

1.50133 

1.49190 

1.48256 

56 

34 

1.48256 

1.47330 

1.46411 

1.45501 

1.44598 

1.43703 

1.42815 

55 

35 

1.42815 

1.41934 

1.41061 

1. 40195 

1.39336 

1.38484 

1.37638 

54 

36 

1.37638 

1.36800 

1.. 3.5968 

1.. 35142 

1.34323 

1.33511 

1.32704 

53 

37 

1.32704 

1.31904 

1.31110 

1.30323 

1.29.541 

1.28704 

1.27994 

52 

38 

1.27994 

1.27230 

1.26471 

1.25717 

1.24969 

1.24227 

1.23490 

51 

39 

1.23490 

1.22758 

1.22031 

1.21310 

1.20593 

1.19882 

1.19175 

50 

40 

1.19175 

1.18474 

1.17777 

1.17085 

1.16398 

1.15715 

1.15037 

49" 

41 

1.15037 

1.14363 

1.13694 

1.13029 

1.12369 

1.11713 

1.11061 

4» 

42 

1.11061 

1.10414 

1.09770 

1.09131 

1.0S496 

1.07S64 

1.07237 

47 

43 

1.07237 

1.06613 

1.0.5994 

1.05378 

1.04766 

1.04158 

1.035.53 

46- 

44 

1.03553 

1.02952 

1.02355 

1.01761 

1.01170 

1.00583 

1.00000 

45 

c 

e 
1 

60' 

i   50' 

40' 

30' 

20' 

10' 

0' 

S 
1 

TANGENTS 

1 

CARNEGIE 

STEEL 

COMPANY 

Natural  Trigonometric  Functions 

1 

SECANTS 

Cosecants 

0'      10' 

20' 

30' 

40' 

50' 

60' 

0 

1.00000 

1.00000 

1.00002 

1.00004 

1.00007 

1.00011 

1.00015 

89 

1 

1.00015 

1.00021 

1.00027 

1.00034 

1.00042 

1.00051 

1.00061 

88 

2 

1.00061 

1.00072 

1.00083 

1.00095 

1.00108 

1.00122 

1.00137 

87 

3 

1.00137 

1.00153 

1.00169 

1.00187 

1.00205 

1.00224 

1.00244 

86 

4 

1.00244 

1.00265 

1.00287 

1.00309 

1.00333 

1.00357 

1.00382 

85 

5 

1.00382 

1.00408 

1.00435 

1.00463 

1.00491 

1.00521 

1.00551 

84 

6 

1.00551 

1.00582 

1.00614 

1.00647 

1.00681 

1.00715 

1.00751 

83 

7 

1.00751 

1.00787 

1.00825 

1.00863 

1.00902 

1.00942 

1.00983 

82 

8 

1.00983 

1.01024 

1.01067 

1.01111 

1.01155 

1.01200 

1.01247 

81 

9 

1.01247 

1.01294 

1.01342 

1.01391 

1.01440 

1.01491 

1.01543 

80 

10 

1.01543 

1.01595 

1.01649 

1.01703 

1.01758 

1.01815 

1.01872 

79 

11 

1.01872 

1.01930 

1.01989 

1.02049 

1.02110 

1.02171 

1.02234 

78 

12 

1.02234 

1.02298 

1.02362 

1.02428 

1.02494 

1.02562 

1.02630 

77 

13 

1.02630 

1.02700 

1.02770 

1.02842 

1.02914 

1.02987 

1.03061 

76 

14 

1.03061 

1.03137 

1.03213 

1.03290 

1.03368 

1.03447 

1.03528 

75 

15 

1.03528 

1.03609 

1.03691 

1.03774 

1.03858 

1.03944 

1.04030 

74 

16 

1.04030 

1.04117 

1.04206 

1.04295 

1.04385 

1.04477 

1.04569 

73 

17 

1.04569 

1.04663 

1.04757 

1.04853 

1.04950 

1.05047 

1.05146 

72 

18 

1.05146 

1.0.5246 

1.05347 

1.05449 

1.05552 

1.05657 

1.05762 

71 

19 

1.05762 

1.05869 

1.05976 

1.06085 

1.06195 

1.06306 

1.06418 

70 

20 

1.06418 

1.06531 

1.06645 

1.06761 

1.06878 

1.06995 

1.07115 

69    1 

21 

1.07115 

1.07235 

1.07356 

1.07479 

1.07602 

1.07727 

1.07853 

68    1 

22 

1.07853 

1.07981 

1.08109 

1.08239 

1.08370 

1.08503 

1.08636 

67 

23 

1.08636 

1.08771 

1.0S907 

1.09044 

1.09183 

1.09323 

1.09464 

66 

24 

1.09464 

1.09606 

1.09750 

1.09895 

1.10041 

1.10189 

1.10338 

65 

25 

1.10338 

1.10488 

1.10640 

1.10793 

1.10947 

1.11103 

1.11260 

64 

26 

1.11260 

1.11419 

1.11579 

1.11740 

1.11903 

1.12067 

1.12233 

63 

27 

1.12233 

1.12400 

1.12568 

1.12738 

1.12910 

1.13083 

1.13257 

62 

28 

1.13257 

1.13433 

1.13610 

1.13789 

1.13970 

1.14152 

1.14335 

61 

29 

1.14335 

1.14521 

1.14707 

1.14896 

1.15085 

1.15277 

1.15470 

60 

30 

1.15470 

1.15665 

1.15861 

1.16059 

1.16259 

1.16460 

1.16663 

59 

31 

1.16663 

1.16868 

1.17075 

1.17283 

1.17493 

1.17704 

1.17918 

58 

32 

1.17918 

1.18133 

1.18350 

1.18569 

1.18790 

1.19012 

1.19236 

57 

33 

1.19236 

1.19463 

1.19691 

1.19920 

1.20152 

1.20386 

1.20622 

56 

34 

1.20622 

1.20859 

1.21099 

1.21341 

1.21584 

1.21830 

1.22077 

55 

35 

1.22077 

1.22327 

1.22579 

t.22833 

1.23089 

1.23347 

1.23607 

54 

36 

1.23607 

1.23869 

1.24134 

1.24400 

1.24669 

1.24940 

1.25214 

53 

S7 

1.25214 

1.25489 

1.25767 

1.26047 

1.26330 

1.26615 

1.26902 

52 

1   -38 

1.26902 

1.27191 

1.27483 

1.27778 

1.28075 

1.28374 

1.28676 

51 

-39 

1.28676 

1.28980 

1.29287 

1.29597 

1.29909 

1.30223 

1.30541 

50 

40 

1.30541 

1.30861 

1.31183 

1.31509 

1.31837 

1.32168 

1.32501 

49 

41 

1.32501 

1.32838 

1.33177 

1.33519 

1.33864 

1.34212 

1.34563 

48 

,   42 

1.34563 

1.34917 

1.35274 

1.35634 

1.35997 

1.36363 

1.36733 

47 

■        43 

1.36733 

1.37105 

1.37481 

1.37860 

1.38242 

1.38628 

1.39016 

46 

;   -44 

1.39016 

1.39409 

1.39804 

1.40203 

1.40606 

1.41012 

1.41421 

45 

60' 

50' 

40' 

30' 

20' 

10' 

0' 

1 

COSECANTS 

-U 

MATHEMATICAL 

TABLES 

Natural  Trigonometric  P'unctions 

1 

COSECANTS 

B 

0' 

10' 

20' 

30' 

40' 

50' 

60' 

0 

00 

1 
343.77516171.88831 114.59301 

85.94561  68.7573657.29869 

89 

1 

57.29869 

49.11406 

42.97571 

38.20155 

34.38232  31.2.57.58  28.65371 

88 

2 

28.65371 

26.4.5051 

24.56212 

22.92559 

21.49368 

20.2302819.10732 

87 

3 

19.10732 

18.10262 

17.19843 

16.38041  15.63679  14.95788 

14.33559 

86 

4 

14.33559 

13.76312 

13.23472 

12.74550 

12.2912511.86837 

11.47371 

85 

5 

11.47371 

11.104.55 

10.75849 

10.43343 

10.12752 

9.83912 

9.56677 

84 

6 

9.56677 

9.30917 

9.06515 

8.83367 

8.61379 

8.40466 

8.20551 

83 

7 

8.20551 

8.01565 

7.83443 

7.66130 

7.49571 

7.33719 

7.18530 

82 

8 

7.185.30 

7.03962 

6.89979 

6.76547 

6.63633 

6.51208 

6.39245 

81 

9 

6.39245 

6.27719 

6.16607 

6.05886 

5.95536 

5.85539 

5.75877 

80 

10 

5.75877 

5.66533 

5.57493 

5.48740 

5.40263 

5.32049 

5.24084 

79 

11 

5.24084 

5.16359 

5.08863 

5.01585 

4.94517 

4.87649 

4.80973 

78 

12 

4.80973 

4.74482 

4.68167 

4.62023 

4.56041 

4. .50216 

4.44541 

77 

13 

4.44541 

4.39012 

4.33622 

4.28366 

4.23239 

4.18238 

4.13357 

76 

14 

4.13357 

4.08591 

4.03938 

3.99393 

3.94952 

3.90613 

3.86370 

73 

15 

3.86370 

3.82223 

3.7S166 

3.74198 

3.70315 

3.66515 

3.62796 

74 

16 

3.62796 

3.591.54 

3.55587 

3.52094 

3.48671 

3.45317 

3.42030 

73 

17 

3.42030 

3.38808 

3.35649 

3.32551 

3.29512 

3.26531 

3.23607 

72 

18 

3.23607 

3.20737 

3.17920 

3.15155 

3.12440 

3.09774 

3.071.55 

71 

19 

3.07155 

3.04584 

3.02057 

2.99574 

2.97135 

2.94737 

2.92380 

70 

20 

2.92380 

2.90063 

2.87785 

2.85.545 

2.83.342 

2.81175 

2.79043 

69 

21 

2.79043 

2.76945 

2.74881 

2.72850 

2.70851 

2.68884 

2.66947 

68 

22 

2.66947 

2.65040 

2.63162 

2.61313 

2.59491 

2.57698 

2.5.5930 

67 

23 

2.55930 

2.54190 

2.52474 

2.50784 

2.49119 

2.47477 

2.45859 

66 

24 

2.45859 

2.44264 

2.42692 

2.41142 

2.39614 

2.38107 

2.36620 

65 

25 

2.36620 

2.351.54 

2.33708 

2.32282 

2.30875 

2.29487 

2.28117 

64 

26 

2.28117 

2.26766 

2.2.5432 

2.24116 

2.22817 

2.21535 

2.20209 

63 

27 

2.20269 

2.19019 

2.17786 

2.16568 

2.15366 

2.14178 

2.13005 

62 

28 

2.13005 

2.11847 

2.10704 

2.09574 

2.084.58 

2.07350 

2.06267 

61 

29 

2.06267 

2.05191 

2.04128 

2.03077 

2.02039 

2.01014 

2.00000 

60 

30 

2.00000 

1.98998 

1.98008 

1.97029 

1.96062 

1.95106 

1.94100 

59 

31 

1.94160 

1.93226 

1.92302 

1.913S8 

1.90485 

1.89591 

1.88709 

58 

32 

1.88708 

1.87834 

1.86970 

1.86116 

1.85271 

1.84435 

1.83008 

57 

33 

1.83608 

1.82790 

1.81981 

1.81180 

1.80388 

1.79604 

1.78829 

56 

34 

1.78829 

1.78062 

1.77303 

1.76552 

1.75808 

1.75073 

1.74345 

55 

35 

1.74345 

1.73624 

1.72911 

1.72205 

1.71506 

1.70815 

1.70130 

54 

36 

1.70130 

1.69452 

1.687S2 

1.68117 

1.67460 

l.C>C>S()f» 

1.  Of,  1(54 

53 

37 

1.66164 

1.65526 

1.64894 

1.04208 

1.6;-!  648 

1. 6.3035 

l.<;2427 

52 

38 

1.62427 

1.61825 

1.61229 

1.60639 

1.60054 

1.. 59475 

1.5S0n2 

51 

39 

1.58902 

1.58333 

1.57771 

1.57213 

1.56661 

1.56114 

1.55572 

50 

40 

1.55572 

1.55036 

1.54.504 

1.5.3977 

1.534.55 

1.. 52938 

1.52425 

49 

41 

1.52425 

1.51918 

1.51415 

1.50916 

1.50422 

1.499.33 

1.49448 

48 

42 

1.49448 

1.48967 

1.48491 

1.48019 

1.47551 

1.47087 

1.4Gfi28 

47 

43 

1.46628 

1.46173 

1.45721 

1.45274 

1.44831 

1.44391 

1.43956 

46 

44 

1.43956 

1.43524 

1.43096 

1.42672 

1.42251 

1.41835 

1.41421 

45 

01 

1 

5 

60' 

50' 

40' 

30' 

20' 

10' 

0' 

J 

{ 

SECANTS 

CARNEGIE    STEEL    COMPANY 


BIRMINGHAM  WIRE  GAGE 

Equivalents  in  Inches 

Corresponding  Weights  of  Flat  Rolled  Steel 


Gage 
Number 


Thickneas, 
Inches 


Pounds 

per 

Square  Foot 


Thickness,  Inches 


Fractional 


Decimal 


Pounds 

per 

Square  Foot 


0000 
000 

00 
0 

1 

2 
3 

4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
.30 
31 
32 
33 
34 
35 
36 


.454 
.425 


18.5232 
17.34 


.380 

15.504 

.340 

13.872 

.300 

12.24 

.284 

11.5872 

.259 

10.5672 

.238 

9.7104 

.220 

8.976 

.203 

8.2824 

.180 

7.344 

.165 

6.732 

.148 

6.0384 

.134 

5.4672 

.120 

4.896 

.109 

•  4.4472 

.095 

3.876 

.083 

3.3864 

.072 

2.9376 

.065 

2.652 

.058 

2.3664 

.049 

1.9992 

.042 

1.7136 

.035 

1.428 

.032 

1.3056 

.028 

1.1424 

.025 

1.02 

.022 

0.8976 

.020 

0.816 

.018 

0.7344 

.016 

0.6528 

.014 

0.5712 

.013 

0.5304 

.012 

0.4896 

.010 

0.408 

.009 

0.3672 

.008 

0.3264 

.007 

0.2856 

.005 

0.2040 

.004 

0.1632 

% 

1%4 
%2 
1%4 

Vi 
1%4 

1%4 

?io 

mn 

%2 

Vs 

%4 
%2 
%i 


ys2 

H28 
V2m 


.5 

.46875 

.4375 

.40625 

.375 

.34375 

.3125 

.296875 

.28125 

.265625 

.25 

.234375 

.21875 

.203125 

.1875 

.171875 

.15625 

.140625 

.125 

.109375 

.09375 

.078125 

.0625 

.046875 


.03125 


.015625 


.0078125 


20.4 

19.125 
17.85 

16.575 

15.3 

14.025 

12.75 

12.1125 

11.475 
10.8375 

10.2 
9.5625 
8.925 
8.2875 
7.65 
7.0125 
6.375 
5.7375 
5.1 

4.4625 
3.825 
3.1875 

2.55 

1.9125 


1.275 


0.6375 


0.31875 


.00390625  0.159375 


Unless  otherwise  specified, 
Steel  Company  to  Birmingham 


all  orders  for  flat  rolled  steel  in  gages  will  be  executed  by  Carnegie 
Wire  Gage. 
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MEASURES   AND    WEIGHTS 


UNITED  STATES  STANDARD  GAGE 

For 

Sheet  and  Plate  Iron  and  Steel 


Approximate  Thickness 

Weight  per 

Weight  per 

Weight  per 

Gage 
Number 

Square  Foot. 

Ounces, 
Avoirdupois 

Square  Foot, 

Pounds, 
Avoirdupois 

Fraitional 
Inches 

Decimal 
Inches 

Millimeters 

SquareMeter, 
Kilograms 

0000000 

V-i 

.5 

12.7 

320 

20.00 

97.65 

000000 

l'>82 

.46875 

11.90625 

300 

18.75 

91.55 

00000 

■Ae 

.4375 

11.1125 

280 

17.50 

85.44 

0000 

1%2 

.40625 

10.31875 

260 

16.25 

79.33 

000 

Ws 

.375 

9.525 

240 

15.00 

73.24 

00 

Hia 

.34375 

8.73125 

220 

13.75 

67.13 

0 

%6 

.3125 

7.9375 

200 

12.50 

61.03 

1 

%3 

.28125 

7.14375 

180 

11.25 

54.93 

2 

lye* 

.265625 

6.746875 

170 

10.625 

51.88 

3 

V4. 

.25 

6.35 

160 

10.00 

48.82 

4 

l%4 

.234375 

5.953125 

150 

9.375 

45.77  . 

5 

%2 

.21875 

5.55625 

140 

8.75 

42.72 

6 

1%4 

.203125 

5.159375 

130 

8.125 

39.67 

7 

?te 

.1875 

4.7625 

120 

7.50 

36.62 

8 

iVa4 

.171875 

4.365625 

110 

6.875 

33.57 

9 

%2 

.15625 

3.96875 

100 

6.25 

30.52 

10 

%4 

.140625 

3.571875 

90 

5.625 

27.46 

11 

Vs 

.125 

3.175 

80 

5.00 

24.41 

12 

T/e* 

.109375 

2.778125 

70 

4.375 

21.36 

13 

%2 

.09375 

2.38125 

60 

3.75 

18.31 

14 

¥04 

.078125 

1.984375 

50 

3.125 

15.26 

15 

»A28 

.0703125 

1.78.59375 

45 

2.8125 

13.73 

16 

Vie 

.0625 

1.5875 

40 

2.50 

12.21 

17 

^i«o 

.05625 

1.42875 

36 

2.25 

10.99 

18 

V20 

.05 

1.27 

32 

2.00 

9.765 

19 

T^eo 

.04375 

1.11125 

28 

1.75 

8.544 

20 

%o 

.0375 

.9525 

24 

1.50 

7.324 

21 

'V^20 

.034375 

.873125 

22 

1.375 

6.713 

22 

VS2 

.03125 

.793750 

20 

1.25 

6.103 

23 

%20 

.028125 

.714375 

18 

1.125 

5.493   • 

24 

>4o 

.025 

.635 

16 

1.00 

4.882 

25 

%20 

.021875 

.555625 

14 

.875 

4.272 

26 

?iflo 

.01875 

.47625 

12- 

.75 

3.662 

27 

IVfllO 

.0171875 

.436.5625 

11 

.6875 

3.357 

28 

Vm 

.015625 

.396875 

10 

.625 

3.052 

29 

%40 

.0140625 

.3.571875 

9 

.5625 

2.746 

30 

Vso 

.0125 

.3175 

8 

.50 

2.441 

31 

%40 

.0109375 

.2778125 

7 

.4375 

2.136 

32 

1%280 

.01015625 

.25796875 

6H 

.40625 

1.983 

33 

%20 

.009375 

.238125 

6 

.375 

1.831 

34 

Hi  280 

.00859375 

.21828125 

5K 

.34375 

1.678 

35 

%40 

.0078125 

.1984375 

5 

.3125 

1.526 

36 

%280 

.00703125 

.17859375 

4H 

.28125 

1.373 

37 

^%560 

.006640625 

.168671875 

4M 

.265625 

1.297 

38 

Viao 

.00625 

.  1  .-)875 

4 

.25 

1.221 

The  United  States  Standard  (}age  is  a  weight  eage  based  upon  the  weights  per  sfjuare  foot  in 
ounces  avoirdupoifl  and  approximate  thickness  based  upon  480  pounds  per  cubic  foot. 

In  the  practical  use  and  application  of  the  United  States  Standard  Gage,  a  weight  variation  of 
2J^  per  cent  either  way  may  be  allowed. 

Unless  otherwise  specified,  all  orders  for  flat  rolled  steel  in  gages  will  be  executed  by  Carnegie 
Steel  Company  to  Birmingham  Wire  Gage. 
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CARNEQIE 

STEEL 

COMPANY 

STANDARD  GAGES 

Comparative  Table 

Thickness  in  Decimals  of  an  Inch 

1 

6 

>. 

Gage 

Number 

gham  Wire 
W.  G.) 
known  as 
Iron  Wire 

ron  Compan 

•c.§ 

Birmini 

(B. 

also 

Stubs 

'S      a 

^1 

•g  ^ 

e 

< 

a 
a 

Standard 
Sheet 

(] 

0000000 

.4900 

.500 

000000 

.586666 

.4615 

.464 

00000 

516500 

.4305 

'.450 

.432 

0000 

.454      ]     .460000 

.3938 

.400 

.400 

000 

.425            .409642 

.3625 

.360 

.372 

.5000 

00 

.380 

.364796 

.3310 

.330 

.348 

.4452 

0 

.340 

.324861 

.3065 

.305 

.324 

.3964 

1 

.300 

.289297 

.2830 

.285 

.300 

.3532 

2 

.284 

.257627 

.2625 

.265 

.276 

.3147 

3 

.259 

.229423 

.2437 

.245 

.252 

.2804 

4 

.238 

.204307 

.2253 

.225 

.232 

.2500 

5 

.220 

.181940 

.2070 

.205 

.212 

.2225 

6 

.203 

.162023 

.1920 

.190 

.192 

.1981 

7 

.180 

.144285 

.1770      i      .175 

.176 

.1764 

8 

.165 

.128490 

.1620 

.160 

.160 

.1570 

9 

.148 

.114423 

.1483 

.145 

.144 

.1398 

10 

.134 

.101897 

.1350 

.130 

.128 

.1250 

11 

.120 

.090742 

.1205 

.1175 

.116 

.1113 

12 

.109 

.080808 

.1055 

.105 

.104 

.0991 

13 

.095 

.071962 

.0915 

.0925 

.092 

.0882 

14 

.083 

.064081 

.0800 

.0806 

.080 

.0785 

15 

.072 

.057068 

.0720 

.070 

.072 

.0699 

16 

.065 

.050821 

.0625 

.061 

.064 

.0625 

17 

.058 

.045257 

.0540 

.0525 

.056 

.0556 

18 

.049 

.040303 

.0475 

.045 

.048 

.0495 

19 

.042 

.035890 

.0410 

.040 

.040 

.0440 

20 

.035 

.031961 

.0348 

.035 

.036 

.0392 

21 

.032 

.028462 

.03175     I      .031 

.032 

.0349 

22 

.028 

.025346 

.0286             .028 

.028 

.03125 

23 

.025 

.022572 

.0258             .025 

.024 

.02782 

24 

.022 

.020101 

.0230             .0225 

.022 

.02476 

25 

.020 

.017900 

.0204       :      .020 

.020 

.02204 

26 

.018 

.016941 

.0181       1      .018 

.018 

.01961 

27 

.016 

.014195 

.0173            .017 

.0164 

.01745 

28 

.014 

.012641 

.0162            .016 

.0148 

.015625 

29 

.013 

.011257 

.0150            .015 

.0136 

.0139 

30 

.012 

.010025 

.0140            .014 

.0124 

.0123 

31 

.010 

.008928 

.0132            .013 

.0116 

.0110 

32 

.009 

.007950 

.0128            .012 

.0108 

.0098 

33 

.008 

.007080 

.0118            .011 

.0100 

.0087 

34 

.007 

.006305 

.0104       i      .010 

.0092 

.0077 

35 

.005 

.005615 

.0095             .0095 

.0084 

.0069 

36 

.004 

.005000 

.0090             .009 

.0076 

.0061 

37 

.004453 

.0085       ,      .0085 

.0068 

.0054 

38 

.003965 

.0080       !      .008 

.0060 

.0048 

39 

.... 

.003531 

.0075       1      .0075 

.0052 

40 

■-- 

.003144          .0070             .007 

.0048 

Unless  otherwise  specified,  all  orders  for  flat  rolled  steel  in  gages  w 

ill  be  execute 

d  by  Carnegie 

Steel  Company  to  Birmingham  Wire  Gage. 

MEASURES   AND    WEIGHTS 


DECIMAL  OF  AN  INCH  AND  OF  A  FOOT 


Fractions 

of 

Inch  or  Foot 

A-S    |l 

>  o  S 

Sfcn  o        Fractions 

W5t             of 

j3  m  2     Inch  or  Foot 

tsi 

life. 

Fractions 

of 

Inch  or  Foot 

Ao 

Fractions 

of 

Inch  or  Foot 

A-8 

>  0  s 

.0052 
.0104 

%6    i 

.2552 
.2604 

3%«  ' 
3Vfe 

.5052 
.5104 

61^6 

6y8 

.7552 
.7604 

9Vi8 

9y8 

y64 

.015625 

.0208 

.0260 

%6     "/84 

y* 

%6 

.265625 

.2708 

.2760 

3^0 

3y4 

3%o 

8%4 

.515625 

.5208 

.5260 

6%B 

6y4 

65/16 

•*%4 

.765625 

.7708 

.7760 

9?^r, 

91/4 

95A8 

V82 

.03125 

.0365 

.0417 

% 
¥2 

%2 

.28125 

.2865 

.2917 

3%      'l%2 

3%o  i| 

3y2 

.53125 

.5365 

.5417 

6% 

6%fl 

25/»2 

.78125 

.7865 

.7917 

9% 

9yin 

9M: 

%* 

.046875 

.0521 

.0573 

1%4 

.296875 

.3021 

.3073 

3»Ao  j:«¥64 
3%    ' 
3iViai 

.546875 

.5521 

.5573 

69/io 
65/8 

eivio 

5yi4 

.796875 

.8021 

.8073 

9»A« 

9% 

9i^« 

%a 

.0625 
.0677 
.0729 

%6 

.3125 
.3177 
.3229 

3%      »/i8 

31%8 

3%    II 

.5625 
.5677 
.5729 

6% 

61%6 

6ys   ; 

isAe 

.8125 
.8177 
.8229 

9% 
91%  8 

9% 

%4 

.078125 

.0833 

.0885 

1%6 
1 
1%6 

2yo4 

.328125 

.3333 

.3385 

31%68y84 

4        i: 

4Vi8   !| 

.578125 

.5833 

.5885 

615A8 

7 

71^6 

5%4 

.828125 

.8333 

.8385 

9i!yi« 
10 
10Vi« 

%2 

.09375 

.0990 

.1042 

IVs     Hk. 

1%6 

1V4    1 

.34375 

.3490 

.3542 

4V8      'l%2 

4%8  1. 

4y4 

.59375 

.5990 

.6042 

7y8 

78A6   i 

7y4 

^%2 

.84375 

.8490 

.8542 

lOVs 
10%« 

ioy4 

^/«4 

.109375 

.1146 

.1198 

l%a  i-%4 
1%     ' 

1%6  ,j 

.359375 

.3646 

.3698 

4%« 
4% 

4%8 

3%4 

.609375 

.6146 

.6198 

75Ae 
7% 

7%6 

55/04 

.859375 

.8646 

.8698 

105A8 

10% 

10%6 

1.4. 

.1250 
.1302 
.1354 

iy2  '  % 

1%6    1 

1% 

.3750 
.3802 
.3854 

4V^ 
49A« 

4% 

% 

.6250 
.6302 
.6354 

7y2 

7%  8 

75/8 

y8 

.8750 
.8802 

.8854 

loys 

109A8 
105/8 

%4 

.140625 

.1458 

.1510 

11^6 

1% 

11%6 

2%4 

.390625 

.3958 

.4010 

41^8 

4% 

41%8 

*y84 

.640625 

.6458 

.6510 

71%8 

7% 

718A6 

5y84 

.890625 

.8958 

.9010 

lOi^a 
10% 

101%9 

%2 

.15625 

.1615 

.1667 

1%       |l%2 

2        ;i 

.40625 

.4115 

.4167 

4% 

4i%o 

5 

•^¥i2 

.65625 

.6615 

.6667 

7y8 

71%6 

8 

-'%2 

.90625 

.9115 

.9167 

10% 

10i%« 

11 

1%4 

.171875 

.1771 

.1823 

21^8     -''/tt* 

2V& 

2%8 

.421875 

.4271 

.4323 

5Vi6 

51,^ 

5%8 

*%4 

.671875 

.6771 

.6823 

SV46 

syg 

8%  8 

5»/84 

.921875 

.9271 

.9323 

11^8 

iiys 

11%8 

%8 

.1875 
.1927 
.1979 

2y4   Wa„ 

2%8 

2% 

.4375 
.4427 
.4479 

5y4 

5%8 

5% 

1^8 

.6875 
.6927 
.6979 

8^8 

8% 

1^8 

.9375 
.9427 
.9479 

iiy4 

llsAa 

11% 

»%4 

.203125 

.2083 

.2135 

2%8 

2^ 

2%8 

'2%4 

.453125 

.4583 

.4635 

5%fl 

5y2 

5»A8 

*%4 

.703125 

.7083 

.7135 

8%9 

8V2 
8»A8 

«y84 

.953125 

.9583 

.9635 

ll'^a 
IIV^ 

11%8 

%2 

.21875 

.2240 

.2292 

2% 

2iVi8 

2% 

Il%2 

.46875 

.4740 

.4792 

5% 
5% 

2%2 

.71875 

.7240 

.7292 

8% 

81^0 

8% 

»y«2 

.96875 

.9740 

.9792 

11% 

ll'Ha 
11% 

»%4 

.234375 

.2396 

.2448 

21%68y8* 

2%    !■ 

21%8: 

.484375 

.4896 

.4948 

5i%e 

5% 

5i%e 

*yB4 

.734375 

.7396 

.7448 

8J%8 

8y8 
8"Aa 

»%4 

.984375 

.9896 

.9948 

lli%« 

11% 

in%« 

¥4 

.2500 

3 

!v^ 

.5000 

6 

% 

.7500 

9 

1 

1.0000 

12 
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American  Bridge  Co.  .  .  specifications  for  steel  structures 136-142 

A.  S.  T.  M standard  specifications 4-43 

billet  steel  reinforcement  bars 24-27 

nickel  steel,  structural 11-17 

ship  rivet  steel 33-37 

structural  steel  for  bridges 4-10 

"      "    buildings 18-23 

"      "     cars 38-43 

"      "    ships 28-32 

Anchors standard  wall  and  pier  anchors 226 

Angles C^.J elements  of  sections 149,  162-167 

^  profiles,  dimensions  and  weights 75-82 

safe  loads,  explanatory  notes 189 

safe  load  tables 213-217 

standard  connections 223,  224 

structural  details  for  punching  and  riveting. 229-231 

tension  values 237-239 

Angles,  Back  to  Back  .  .  radii  of  gyration 151,  173-175 

Arches,  Floor  Arches .  .  .  explanatory  notes 306-308 

terra  cotta,  safe  load  tables  and  weights 309-312 

Areas circles,  diameters  1  to  999 374-393 

circular  segments 368-371 

method  of  increasing  sectional  areas 45 

net  areas  of  angles 237-239 

plane  figures 365 

rectangidar  sections 100-103 

reduction  of  area  for  rivet  holes 231 

square  and  roimd  bars 106,  107 

structvu-al  shapes,  rails,  etc 152-172 

surface  of  solids 372,  373 

Band  Edge  Flats list  of  sizes 98 

Bars .  cold  twisted  squai-e  bars,  sizes  and  weights IDS 

concrete  reinforcement  bars,  sizes  and  weightsl08-lll 

eye  bars,  sizes  and  dimensions 128 

flats,  list  of  sizes 98 

lattice  bars,  dimensions  for  columns 140 

merchant  bars,  list  of  sizes 99 

rounds  and  squares,  weights  and  areas 106, 107 

splice  bars,  profiles,  dimensions  and  weights.  .116, 117 
standard  test  bars,  see  A.  S.  T.  M.  Specifications       4-43 

tension  values,  rounds  and  squares 240 

upset  screw  ends,  sizes  and  dimensions 126, 127 

Beams,  H-Beams see  H-Beams 57,  154,  207,  276 

Beams,  I-Beams bending  moments,  tables 196,  197 

common  dimensions 46 
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Beams,  I-Beams details,  connection  angles 223, 224 

"        bearing  plates .        227 

"        separators 225 

standard  gages  for  punching 220,  221 

elements  of  sections 148,  152,  153 

grillage,  notes  and  calculations 244-248 

profiles,  weights  and  dimensions 47-56 

safe  loads,  explanation  of  tables 189-195 

safe  load  tables 199-206 

web  resistance,  tables 196,  197 

Beam  Columns safe  load  tables 276 

Beam  Girders explanatory  notes 249 

safe  load  tables 250,  251 

Beam  Stresses explanatory  notes 180-182,  189-195 

bending  stresses 180,  181 

buckling  stresses 193,  194 

deflection,  lateral 138, 181,  191 

vertical 185-190 

flexure  formulas  for  various  loading  conditions. .  183-188 

impact  stresses 191 ,  192 

shearing  stresses,  longitudinal  and  vertical 192,  193 

tensile  and  compressive  stresses 181 

Bearing  Plates explanatory  notes 227 

safe  resistance 228 

standard  for  beams 227 

Bearing  Values pins  and  rivets,  explanatory  notes 232 

pins,  tables 235 

rivets,  tables 233,  234 

Bending  Moments      ...  explanatory  notes 180 

beams,  tables 196,  197 

channels,  tables 198 

pins,  tables 236 

various  loading  conditions,  formulas 185—188 

Bolts standard  dimensions 122,  123 

screw  threads,  standard  dimensions 122,  123 

weights,  bolts  with  hexagon  heads  and  nuts. . .  125 
weights,  bolts  with  square  heads  and  nuts 124 

Bolt  Heads  and  Nuts. .  .  standard  dimensions 122,  123 

weights 124,  125 

Buckle  Plates explanatory  notes 320 

safe  load  table 320 

sizes  and  dimensions 321 

Buckling  of  Webs explanatory  notes 193-195 

web  resistance  of  beams  and  channels,  tables  .196-198 

Building  Laws extract,  from  building  laws  of  various  cities  .  .  .  304 

Bulb  Angles bulb  angles 58-65,  158-161 

bulb  angles,  elements 158-161 

profiles,  weights  and  dimeosions .. .      58-65 


Cast  Iron  Columns     .  .  .  allowable  unit  stresses 300 

hollow  round  and  square,  elements 178,  179 

safe  loads 301,302 
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Ceilings deflection  of  plastered  ceilings 189,  190 

weight  of  ceilings 312 

Center  of  Gravity see  Neutral  Axis 143-149,  152-177 

Channels,  Ship  and  Car.  elements  of  sections 156,  157 

profiles,  weights  and  dimensions 70-74 

Channels,  Structural .  .  .  bending  moments,  table 198 

common  dimensions 46 

details,  standard  gages  for  pimching 222 

elements  of  sections 148,  155-157 

profiles,  weights  and  dimensions 66—74 

safe  loads,  explanation  of  tables 189-195 

safe  load  tables 208-212 

web  resistance,  table 198 

Checkered  Plates elements  and  safe  loads 322 

profiles,  weights  and  dimensions 94 

Circles areas  and  circumferences,  dia.  1  to  999 374-393 

properties  of  the  circle 364 

Circular  Plates extreme  sizes,  carbon  steel 95,  96 

Circular  Segments areas,  tables  of  coefficients 368-371 

Clevises sizes  and  weights 130 

Coefficients circular  segments 369-371 

deflection  xmder  uniform  load 190 

expansion  due  to  heat 351 

Cold  Twisted  Squares  . .  sizes  and   weights 108 

Columns,  Cast  Iron  ....  aUowable  imit  stresses 300 

hollow  round  and  square,  elements 178, 179 

safe  loads 301,302 

Columns,  Steel explanatory  notes 271-273 

calculation  of  elements 150,  151 

"  stresses 273 

■  compression  formulas 274,  275 

elements,  angle  and  plate  columns 289-296 

"         channel  and  plate  columns 277-288 

"         miscellaneous  beam  columns 276 

safe  loads,  angle  and  plate  columns 289-296 

"      channel  and  plate  columns 2^7-288 

"         "      misceUaneous  beam  columns 276 

typical  details  for  mill  and  office  buildings 297-299 

Columns,  Wood allowable  imit  stresses 341 

square  and  round,  safe  loads 342,  343 

Compound  Sections.  .  .  .  calculation  of  elements 150,  151 

Concrete,  Masonry strength,  imit  fiber  stresses 350 

specific  gravity  and  weight 345 

Concrete,  Reinforced.  .  .  explanatory  notes 313-317 

beams  and  slabs,  formulE.s 313-316 

bending  moments  of  slabs 318 

colimins,  formulas 316 

reinforcements,  deformed  bars,  etc 108-111 

"  round  and  square  bars 106,  107 

"  triangle  mesh 319 

Connection  Angles standard  for  beams 223, 224 

Construction  Specif 'ns  .  American  Bridge  Company 136-142 

Conversion  Tables measures,  metric  and  U.  S.  Standard 352—363 
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CorruKated  Sheets explanatory  notes 330 

sizes  and  weights 331 

Cotter  Pins sizes  and  dimensions 132 

Cross  T-e  Sections elements  of  sections 171 

profiles,  weights  and  dimensjions 112, 113 

safe  load  tables 207 

Cubes  and  Cube  Roots       numbers  1  to  999 374-393 

Decimal  Table equivalents  of  an  inch  and  of  a  foot 403 

Deflection,  X>ateral explanatory  notes  and  formula 138,  181,  191 

Deflection,  Vertical  explanatory  notes 181,  189,  190 

coefficients,  calculation  and  table 190 

coefficients  for  beams  and  channels  .  .  199-203.  207-210 

limit  for  plastered  ceilings 189 

formulas  for  loading  under  various  conditions  .  185-188 
Deformed  Bars sizes  and  weights 108-1 1 1 

Elasticity elastic  limit  of  substances 348, 349 

modulus  of  elasticity  of  substances.  .  183.  333.  348-350 

Elements  of  Sections. .  .  explanatory  notes 143 

formulas  for  calculation  of  elements 144-151 

structural  shapes,  rails,  etc 152-172 

Equivalent  Measures. .  .  metric  and  U.  S.  standard 352-363 

Expansion,  Heat table  of  coefficients 351 

Eye  Bars sizes,  dimensions  and  weights 128 

Fiber  Stresses concrete,  reinforced  concrete 350 

masonry,  stone 350 

metals,  alloys 348,  349 

miscellaneous  substances 350 

structural  steel 130.  137,  349 

structural  timber 333 

Fireproof  Floors see  Floor  Construction 303-319 

Flat  Rolled  Steel list  of  sizes 95-98 

tables  of  weights 103-105 

Flexure  of  Beams explanatory  notes  and  formulas lSO-188 

Floor  Construction      .  .  explanatory  notes 303-308 

fireproof  floor  systems 305,  306 

live  loads,  various  building  laws 304 

reinforced  concrete  beams  and  slabs 313-319 

terra  cotta  arches,  safe  loads  and  weights 309-312 

thrust  in  arches 306-308 

Floor  Plates buckle  plates 320,  321 

checkered  plates 322 

Formulas bending  moments  and  deflection 183-188 

elements  of  sections 144—151 

geometric  and  trigonometric 364-308.  372,  373 

roof  trusses,  stresses  and  length  of  members.  .326-329 

stresses  in  beams,  bending . 180-182 

buckling 193,194 

impact 191,192 

shearing 192,193 
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Formulas Stresses  in  columns,  cast  iron 300 

structural  steel 274,275 

"       "  "        structural  timber 333 

stresses  in  bearing  plates  and  steel  slabs.  .227,  244,  245 

Functions numbers  1  to  999 374-393 

trigonometric 394-399 

Gases specific  gravity  and  weight 344 

Gases angles,  for  punching 223 

beams,  for  punching 220,  221 

Birmingham  wire  gage 400 

channels,  for  punching 222 

comparative  tal)le  of  various  gages 402 

United  States  standard  gage 401 

Gage  Variation steel  plates,  see  A.  S.  T.  M.  Specifications  ....       4-43 

Girders explanatory  notes- 249 

angle  and  plate  girders,  safe  loads 252-270 

beam  and  plate  girders,  safe  loads 250,  251 

elements  of  compoimd  sections  .  .  , 150,  151 

grillage  foundations 244-248 

Grillage  Foundations  .  .  explanatory  notes  and  calculation 244-248 

Grips  of  Rivets length  of  field  rivets 134 

H-Beams beam  safe  load  tables 207 

column  safe  load  tables 276 

elements  of  sections 154 

profiles,  dimensions  and  weights 57 

Half  Rounds list  of  sizes 99 

Hexagons list  of  sizes 99 

Hollow  Sections rounds  and  squares,  elements 178,  179 

cast  iron  columns 300-302 


Impact  Stresses effect  on  beams 191,  192 

Increase  of  Sections  .  .  .  method  of  rolling 45 


Lateral  Deflection explanatory  notes  and  formula 138,  181,  191 

Lattice  Bars dimensions  for  columns 140 

Liquids coefficients  of  expansion 351 

specific  gravity  and  weight 344 

Live  Loads,  Floors  ....  building  laws  of  various  cities >  .  .  .  304 

Logarithms numbers  1  to  999 374-393 

Longitudinal  Shear.  .  .  .  explanation  and  formula 192,  193 

Loop  Rods sizes  and  dimensions 129 


Masonry  and  Stone ....  coefficients  of  expansion 351 

specific  gravity  and  weight 345 

strength,  unit  fiber  stresses 350 

Materials coefficients  of  expansion 351 

specific  gravity  and  weight 344-347 

strength,  unit  fiber  stresses 348-350 


INDEX 

Page 

Measures  and  Weights. .  equivalents  of  U.  S.  and  metric 352-363 

Mensuration mathematical  formulas 364-373 

Metals  and  Alloys coefficients  of  expansion 351 

specific  gravity  and  weight 344 

strength,  unit  fiber  stresses 348,  349 

Metric  Tables weights  and  measures 352-363 

Minerals specific  gravity  and  weight 345 

Modulus  of  Elasticity  .  .  various  substances 183,  333,  348-350 

Moments  of  Inertia.  .  .  .  definition  and  formulas 143-151 

structiu"al  sections,  tables 152-177 

Neutral  Axis definition  and  formulas 143-149 

structural  shapes,  tables 152-177 

Nuts dimensions  and  weiglits 122-125 

recessed  pin  nuts,  sizes  and  dimensions 132 

sleeve  nuts,  sizes  and  dimensions 131 

Nut  Steel  Flats list  of  sizes 98 

Ordering  Materials  ....  general  instructions 44 

Piling,  Steel  Sheet explanatory  notes 241-243 

elements 154,  243 

profiles 93 

Pins explanatory  notes 232 

bearing  values,  tables 235 

bending  moments,  tables 236 

cotter  pins,  sizes  and  dimensions 132 

Pipe black  and  galvanized 120.  121 

Plate  Girders see  Girders 150, 151, 244-270 

Plates,  Flat  RolIedSteel.  extreme  sizes 95-97 

carbon  steel,  sheared,  rectangular  and  circular  .      95,  96 

"    ,  universal  rectangular 95 

nickel  steel,  sheared,  rectangular 97 

,  universal,  rectangular 97 

Plates,  Floor  Plates.      .  buckle  plates,  explanatory  notes  and  sizes. . .  .  320.  321 

checkered  plates,  elements  and  safe  loads 322 

"        profiles,  weights,  dimensions  94 

Plates,  Wall  Plates ....  see  Bearing  Plates 227,  228 

Profiles  of  Sections.  .  .  .  dimensions  and  weights 47-94.  108-119 

Punching details  for  punching  and  riveting 229-231 

construction  specifications 141 

Purlins explanatory  notes 325 

Radius  of  Gyration  ....  definition 143 

angles  back  to  back,  tallies 173-175 

formulas  for  elements  of  sections 144-151 

structural  shapes,  tables 152-172 

Rails elements  of  A.  R.  A.  and  A.  S.  C.  E.  sections         172 

profiles,  weights  and  dimensions 114, 115 

Rails  and  Accessories  .  .  weights  and  dimensions 118 

Rail  Clips profiles,  dimensions  and  weights 119 

Ratio  of  Slenderness .  .  .  definition 27 1 

unit  stresses  for  compression  formulas 274 
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Recessed  Pin  Nuts sizes  and  dimensions 132 

Reciprocals numbers  1  to  999 374-393 

Rectangular  Plates  ...  extreme  sizes,  carbon-and  nickel  steel 95-97 

Rectangular  Sections .  .  .  areas 100-102 

moments  of  inertia 176,  177 

Reinforced  Concrete  .  .  .  see  Concrete,  Reinforced 106-111,  313-319 

Riveting construction  specifications 139,  140 

details  for  punching  and  riveting 229-231 

Rivets areas  of  rivet  holes 231 

conventional  signs 229 

dimensions 133 

lengths  for  various  grips 134 

stress'^s,  shearing  and  bearing  values 232-234 

structural  details  for  riveting 229-231 

weights 135 

Roofs explanatory  notes 323-325 

live  loads,  building  laws  of  various  cities 304 

snow  and  wind  loads 323 

trusses,  stresses  and  length  of  members 326-329 

weights,  roof  covering  and  roof  trusses 324,  325 

Screw  Threads Franklin  Institute,  U.  S.  and  A.  B.  Co.  standards         122 

Section  Modulus definition  and  formulas 143-151 

structural  shapes 152-172 

Segments,  Circular  ....  coefficients  of  areas 369-371 

Separators -Standard  for  beams 225 

Shearing  Stresses longitudinal  and  vertical ISO,  192,  193 

Sheared  Plates extreme  sizes,  carbon-and  nickel  steel 95-97 

Shearing  Values,  Rivets,  tables 233,  234 

Ship  and  Car  Channels,  see  Channels,  Ship  and   Car 70-74,  156,  157 

Skelp list  of  sizes 98 

Sleeve  Nuts sizes  and  dimensions 131 

Snow  Loads roofs  and  trusses 323 

Specifications American  Bridge  Company 136-142 

American  Society  for  Testing  Materials 4-43 

Specific  Gravity various  substances 344,  345 

Splice  Bars elements  of  A.  R.  A.  and  A.  S.  C.  E.  sections  172 

profiles,  dimensions  and  weights 116, 117 

Square  and  Round  Bars   area  and  weight 106,  107 

Square  Edge  Flats Ust  of  sizes 98 

Squares,  Square  Roots  .  numbers  1  to  999 374-393 

Strength  of  Materials .  .  unit  fiber  stresses 348-350 

Stresses see  Beam  Stresses 138, 180—195 


Tees elements  of  sections 149,  168,  169 

profiles,  weights  and  dimensions 83-90 

safe  load  tables 218 

Terra  Cotta arches,  ceilings,  furring,  partition,  roofing 306-312 

Test  Bars standard,  see  A.  S.  T.  M.  Specifications 4-43 

Threads length  of  bolt  threads 123 

standard  dimensions  of  screw  thread 122 

Thrust  in  Arches effect  in  floor  construction 306-308 
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Tie  Rods length  and  weight 226 

spacing 308 

Timber.  Structural  ...  A.  R.  E.  A.  unit  Stresses  and  explanatory  notes.  332,  333 
beams,  deflections,  limiting  loads  and  spans. . .  335 

"        explanatory  notes 334 

safe  load  tables 336-340 

coefilcients  of  expansion 351 

columns,  explanatory  notes 341 

safe  load  tables 342,  343 

specific  gravity  and  weight 344 

Triangle  Mesh concrete  reinforcement 319 

Trigonometric  Formulas  functions  Of  angles  and  triangles 366.  367 

Trigonometric  Functions  natural 394-399 

Trusses explanatory  notes 325 

stresses  and  length  of  members 326-329 

Tumbuckles size  and  dimensions 131 


Unit  Stresses see  Fiber  Stresses 136.  137,  333.  348-350 

Universal  Mill  Plates. .  .  extreme  sizes,  carbon-  and  nickel  steel 95,  97 

Upset  Screw  Ends square  and  round  bars 126,  127 

Vertical  Shear explanation 192 

formulas  for  various  conditions  of  loading 184-188 

Volume  and  Surface  .  .  .  solids 372,  373 

Web  Resistances beams  and  channels 19G-198 

Weights flat  rolled  steel,  tables 103-105 

roimds  and  squares lOG,  107 

shapes 47-94,  108-119 

various  substances 344-347 

Weights  and  Measures. .  metric  and  U.  S.  Standard 352-363 

Wind  Loads,  Pressure. .  building  specifications  of  various  cities 304 

roofs  and  trusses 323 

Wire  and  Sheet  Metal .  .  standard  gages 400-402 

Wooden  Beams,  Columns  see  Timber,  Structural 334-341 

Zee  Bars elements  of  sections 148,  170 

profiles,  weights  and  dimensions 91,  92 

safe  load  tables 219 
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PRODUCTS 

Pig  Iron  and  Furnace  Products 

Ferro-Manganese  and  Spiegeleisen 

Open-Hearth  and  Bessemer  Steel,  Alloy  Steels 

Ingots,  Billets,  Blooms,  Slabs,  Sheet  Bars 

Armor  and  Vault  Plate 

Plates  for  Bridges,  Ships,  Tanks,  Boilers,  and  Cars 

Rolled  Structural  Shapes 

Beams,  Channels,  Angles,  Tees,   Zees 

Steel  Mine  Timbers  and  Steel  Sheet  Piling 

Bar  Mill  Products 

Concrete  Reinforcement  Bars,  Agricultural  Shapes 

Miscellaneous  and  Special  Shapes 

Electric  Tool  Steels 

Merchant  Bars 

Squares,  Rounds,  Half  Rounds,  Hexagons,  Ovals,  Half  Ovals 

Flats,  Skelp,   Bands,   Hoops,  Cotton  Ties 

Hoops  for  Slack  Barrel  Cooperage 

Tire  and  Vehicle  Spring  Steel 

Track  Material 

Rails  and  Splice  Bars,  Duquesne  Rail  Joints, 

Track  Accessories,  Steel  Cross  Ties 

Forcings 

Standard  Forged  and  Heat-Treated  Axles 

Connecting  Rods,  Crank  Shafts  and  Arch  Bars 

Wheels  and  Gear  Blanks, 

Automobile  Flywheels,  Pipe  Flanges,  Shaft  Couplings 

Locomotive  Pistons 

Derricks  and  Drilling  Riqs 


I 
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WORKS 

COKE  WORKS 

Clairtoii  By-Product  Coke  Works Clairton,  Pa. 

Farrell  By-Product  Coke  Works Farrell,  Pa. 

BLiVST  FURNACES 

Canio  Furnaces Rankin,  Pa. 

Edith  Furnace Pittsburgh,  N.  S.,  Pa. 

Isabella  Furnaces Etna,  Pa. 

Lucy  Furnaces Pittsburgh,  Pa. 

Ne\Tlle  Furnace Neville  Island,  Pa. 

Niles  Furnace Niles,  O. 

Steuben ville  Furnace Steubenville,  O. 

Zanes\-ille  Furnace Zanesville,  O. 

STEEL  WORKS,  FURNACES  AND  ROLLING  MILLS 

Bellaire  Steel  Works  and  Furnace,s Bellaire,  O. 

Clairton  Steel  Works  and  Furnaces Clairton,  Pa. 

Columbus  Steel  Works  and  Furnaces Columbus,  O. 

Duquesne  Steel  Works  and  Furnaces South  Duquesne,  Pa. 

Edgar  Thomson  Steel  Works  and  Furnaces Bessemer,  Pa. 

Farrell  Steel  Works  and  Furnaces Farrell,  Pa. 

Homestead  Steel  Works IVIunhall,  Pa. 

IMingo  Steel  Works  and  Furnaces Mingo  Junction,  O. 

New  Castle  Steel  Works  and  Furnaces. New  Castle,  Pa. 

Ohio  Steel  Works  and  Furnaces Youngstown,  O. 

Sharon  Steel  Works  and  Furnace Sharon,  Pa. 

ROLLING  MILLS 

Clark  Mills Pittsburgh,  Pa. 

Greenville  Mills Greenville,  Pa. 

McCutcheon  Mills Pittsburgh,  N.  S.,  Pa. 

McDonald  Bar  Mills McDonald,  O. 

Monessen  iMills Monessen,  Pa. 

Painter  Mills Pittsburgh,  N.  S.,  Pa. 

Upper  Union  Mills Pittsburgh,  Pa. 

Lower  Union  Mills Pittsburgh,  Pa. 

Upper  Union  Mills Youngstown,  O. 

Lower  Union  Mills Y^oungstown,  O. 

FORGE  AND  WHEEL  WORKS 

Howard  Axle  Works Homestead,  Pa. 

Schoen  Steel  Wheel  Works McKees  Rocks,  Pa. 

WAREHOUSES 

Baltimore  Warehouse Baltimore,  Md. 

Cleveland  Warehouse Cleveland,  O. 

New  England  Warehouse AlLston,  Mass. 

Pittsburgh  Warehouse Pittsburgh,  Pa. 

Waverly  Warehouses Newark,  N.  J. 
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OFFICES 

GENERAL  OFFICES: 

Pittsburgh,   Carnegie  Building. 

DISTRICT  OFFICES: 

Birmingham,   Brown-Marx  Building, 

Boston,   120  Franklin  Street, 

Buffalo,  The  Marine  Trust  Company  Building, 

Chicago,   208  South  La  Salle  Street, 

Cincinnati,   Union  Trust  Building, 

Cleveland,  Kirby  Building, 

Denver,   First  National  Bank  Building, 

Detroit,   Ford  Building, 

New  Orleans,   Maison  Blanche, 

New  York,   Hudson  Terminal,  30  Church  Street, 

Philadelphia,   Widener  Building, 

Pittsburgh,   Carnegie  Building, 

St.   Louis,   506  Olive  Street, 

St.  Paul,   Pioneer  Building. 

EXPORT  REPRESENTATIVES: 

UNITED  STATES  STEEL  PRODUCTS  CO., 

New  York,   Hudson  Terminal,  30  Church  Street. 
PACIFIC  COAST  REPRESENTATIVES: 

UNITED  STATES  STEEL  PRODUCTS  CO.,  PACIFIC  COAST  DEPT. 

Los  Angeles,   Jackson  Street  and  Central  Avenue, 

Portland,   Selling  Building, 

San  Francisco,   Rialto  Building, 

Seattle,  Fourth  Avenue  South  and  Connecticut  Street 
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